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The Volatile Constituents of Passion Fruit Juice’ 


DAWES N. HII 


lepartment Chen , 


Manuscript re« 


9 1961 


\s 
Viar< 


SUMMARY 


The characteristic flavor of passion fruit was found in the water-insoluble 


oil, which constituted ca. 


36 ppm of the juice. 


Four components, n-hexyl 


caproate, n-hexyl butyrate, ethyl caproate, and ethyl butyrate, made up ca. 


95% of the oil, and, among these four, n-hexyl caproate was found to be the 


principal component, accounting for ca. 70% of the volatile passion fruit 


essence, 


The unidentified portion of the oil (ca. 5% ) very likely contains compounds 


of greater structural complexity than those identified. Evidence for this assump- 


tion comes from the appreciable specific rotation of the crude oil. 


It is also 


reasonable to assume that the olefinic unsaturation encountered in the crude 


oil (Table 1) has its origin in the unidentified portion of the oil. 


Gas-liquid partition chromatography has 
become a powerful research tool for the in 
constituents 


James 


volatile plant 


vestigation of 
since the method was developed by 
and Martin (1954), in 1952 
of a recent application to the study ota 
the 


\n example 
fruit 
strawberries by 


essence 1S work on 


Corse and Dimicl 1958) 


Research on the constituents of tropical 


fruits has been | 


irgely confined to nutritional 
restricted to gross 


\ notable 


Haagen 


aspects, and generally 


analyses of sugars, vitamins, etc 
exception 1s pioneering work by 
omit ef a 
ents of pineappl 
The growing 
(Passifiora edulis) 


years in 


(1945) on the volatile constitu 


and processing of passion 
have assumed im 
portance in recent \ustralia, New 
Zealand, South Africa, and Hawaii. Most 
of the edible species of the genus Passifiora 
are endemic to tropical The first 
seeds of P. edulis Sims, which bears purple 
fruit, were introduced to Hawaii from Aus 


fruit 


\merica 


tralia about 1880 and were planted in the 
East Maui 
circumstance has 


Lilikoi district of ( Anonymous, 
1956). This 


the trivial name /ilikoi for passion fruit in 


resulted in 


Dawes N. Hiu, Uni 


thesis of 


1959 


From the Ph.D 


versity ot Hawaii, 


Present address: Chaminade College Hono 


lulu, Honolulu, Hawaii. 


Hawaii. The variety grown commercially in 
Hawaii is not the one that bears purple fruit, 
variety, P. edulis f. 
edults is still a com 
most of the 

Prior re- 
fruit 


but a vyellow-fruited 


flavicarpa Degener. P 
mountains of 


mon vine in the 


islands in the Hawaiian chain 


search on the constituents of passion 
have been nutritionally oriented studies in 
India Chat 


(Pruthi and Lal, 


work has been summarized 
1959) 

In view of our lack of knowledge of the 
edulis, a fruit with 


a unique and pleasant flavor, a study of this 


volatile constituents of P 


problem seemed desirable 


EXPERIMENTAL METHODS 
I resh 


Experiment Sta 


Isolation of the essence. passion truit 


from the University of Hawaii 


tion farm at Waimanalo, Oahu, was graded to 


remove unripe, decayed, and damaged fruit. It was 


then stemmed and washed, and sliced by a rotary 


slicer The rind was removed by a centrifugal 


separator Che seeds and other solid particles were 


removed by two pulping machines, first to pass a 


screen, then a 60-mesh screen 
1:2 in 


recoyery 


7.9-mm 


he resulting juice was diluted water and 


processed through a fruit-essence unit ot 
type cde 

An oily 
truit 
The 


aqueous condensate was returned to a reflux column 


the flash-heater-vaporizer-concentrator 
Walker 


possessing the 


scribed by and Patterson (1955). 


layer characteristic passion 


odor separated above the steam distillate 


above a_ reboiler The stripped material was 


checked by periodic taste tests 





VOLATILE CONSTI 
[he aqueous distillate was extracted with petrol 
43°), had 


by shaking with concentrated sulfuric acid 


ether (b.p. 35 which been purified 


eum 
washing 
Che 


ciency of this extraction was demonstrated by 


vith water, drying, and fractionating effi 


col 
| . | 

ot the remaining phase 

for 24 


contained only a trace amount of residue 


tinuous extraction aqueous 


with diethyl ether hours. The ether ex 


tract witl 


out the characteristic passion fruit odor 


was dried over an 


the 


Che petroleum ether extract 


hydrous sodium sulfate, and solvent was re 


moved by distillation through a 1.8 * 25 column 
A yellow oil remained 


cm 
packed with glass helices 

Examination of the organic phase. The fragrant 
vellow oil was subjected to the standard qualitative 
The 1 below 


Gas-liquid chromatography 


tests ‘sults are summarized 


Gl 


the complexity of 


partition PC 
to determine 


built 


in order 
the oil The 
Dekhotinsky 


tection device 


was used 
Cenco 
rhe 


heated 


apparatus was into a 
de 


fila 


constant-temperature 
Mac Pretzel 


circuitry 


oven 
was a Gow 


Phe 


essentially as 


of the bridge 


Dimbat eft al 


ment type electronic 


described by 


was 
(1956), and the sample introduction system as re 
The column 


brick (40 


hydrochlori 


ported by Tenney and Harris (1957) 


support was Johns-Manville C-22 fire 


60-mesh) treated with concentrated 


acid to remove iron. Two partitioning agents were 
and Carbowax 1500, 4 g in each cas« 
For the 


high-vacuum grease 


used, silicone 
10 Z 
Corning silicone 


for of fire brick silicone column, 


Dow was dis 
solved in ethylene dichloride with heating, and the 


brick added Phe 


vas heated on a steam bath, with occasional stirring, 


fire was with stirring mixture 


most the solvent It then dried 
100 Phe 
10 ft of copper tubing, 5 
The 


an 


to remove ot Was 


overnight at material was packed into 


16-in. diameter, by use of 


vibrator column ends were plugged 


Pyrex was coiled t 

(| Carbide 
was constructed 
184, 143, and 100 

gas was helium flowing at 45 ml/min. he 
at the 


temperatures with series of known compounds 


wool, the column 


Che 


Chemical Co.) 


oven Carbowax 1500 nion and 


column similar 


Column temperatures were 
carriet 


columns were calibrated three operating 


Quantitative estimates of the percentage com 


position of the oil obtained as follows. The 


GLP 


ard 


were 
apparatus was calibrated with known stand 
rhe 
out 


mixtures areas under the component 
The areas wert 
Phe 


the peaks of chromatograms of the 


the 


peaks were cut and weighed 


plotted against percentage composition area 


under volatile 


oil were then compared with standard 


P¢ 


major 


Preliminary GL runs of the oil indicated the 


presence of one and at least four minor 


components. Subsequent separation was fashioned 


accordingly, and a combination of reduced pressure 


distillation and column chromatography 


desired results 


Reduced pressure distillation under a nitroget 


atmosphere in semi-micro equipment (Synthetica 
allowed cle 


Laboratories, Chicago, III an 


which was identifies 


by 


tion of the major component, 


by. standard analytical meth¢ synthesis 
in dry 


Fla 


eluant 


olumn chromatography out 


Florisil 


(18 mm 


(Floridin Ce allahassee, 
Phe 


0-43 


| 
pac ced 
os cm 


(b.p 


columns successive 


were diethyl ether 


pe troleum ether 


and acetone 


[The minor components were identified by paper 


Intrarec 
[R-2A 
DU, in 


| | 1 salysi 
chromatography and analysis 


were determined with a Beckman 


Beckn 


spectr 
pectra 


and 


ultraviolet spectra with a an 
strument 

Paper chromatography was carried out on What 
No. 1 
Butanol-glacial 


ber 


used 


solvent 
acid-water (40 
(100:75 
upward irrigation and 
Phe 


man paper in two systems 


10 
100) were 


acetic 


ene-glacial acetic acid-water 


with overnight 


equi 
chromatograms dried 


had 


carried 


libration 
the 


were alter 


solvent front traveled 20 cm 
the 


Me igh 


Comparison 


of spots was out as described by 


( 1955 


RESULTS AND DISCUSSION 


v« llow 
of 


Over-all yield of water-insoluble 


oil was 36 ppm: In 1957, 5 raw 


556 kg 


juice yielded 24.05 g of oil (43 ppm), and in 


1958, 267 kg of juice furnished 6.2 g (23 


g 
ppm). The two oils were identical in com 
position as demonstrated by GLP 


Table 1] the 


qualitative tests. Density 


results of standard 
of the oil 
0.838, and optical rota 
0.02 


shows 
was 
found to be d,7® 
tion of the pure oil [a] p~® $.17 
The U\ 


hibiting a maximum of low intensity 


spectrum lacked complexity, ex 
at 280 
tects oil 


able 1. Qualitative volatile 


of passion fruit juice 


Solubility v.s. diethyl ether, chloroform, 


MeOH 


he nzene, 


Elemental < halogen 
nitroget 


sulfur 


| carbonyl 


OH 


ester 


Functiona 


analysis 


acid 


olefin 


j 


| 


50) and 





HIU AND 
my, a minimum at 266 mp in addition to end 
absorption. The IR spectrum had major 
2.89, 3.45, 5.75, 6.83, 7.25, 8.01, 
GLPC analysis 
defined 


bands at 
8.50, 9.09, 11.09, and 13.7 yp. 
in two systems showed five clearly 
fractions. 

The major component. Vacuum distilla 
tion initially yielded four fractions. The ma 
terial up to 30°/0.4 mm represented high 
boiling components of the extraction solvent 
(petroleum ether). Fractions 3 and 4 wert 
fractions Phe 

62°/0.2 mi 


pure 


redistilled and cut into 3 
boiling fraction 6] 
(GLPC to be 
This compound had the 


0 0.8707, 


highest 


was shown by essentially 


following propet 


ties: d,° np~”? 1.4282, fal] p* 


0 \ll but two IR bands of the crude oil 


(2.89 and 7.25 ») were present in the spec 


trum of this component : 3.44, 5.77, 6.81, 8.04, 


8.52, 9.05, 9.90, and 13.7 uw. The new band 
spectrum ot 


of this 


at 9.90 » was unresolved in the 
the oil The 
ponent, which was sho:gh by GGLPC to be the 


crude stracture com 
major constituent of passion fruit oil, was 
proved as follows: 

analysis (performed by 
Dr \. Bernhard, Mulheim/Ruhr, 
many ) the following results 
lated fio. Ts 
O, 15.98; ¢ or EF 


16.77: ( 


1) Combustion 
(,e1 
Calcu 


12.08: 


Pave 
for CyoHoyOo: ( 

1, 15.03. Found 
17 


Ji: ©, 1662, 


methy 
71.84: H, 11.55, ] 
methyl, 0.45 

om 


) The compound was reduced by lithium 
aluminum hydride to an oil that lacked the 
carbonyl band at 5.77 » and exhibited a new 
band at 3 ph Che 3,5-dinitrobenzoate of this 
alcoholic material was prepared in the usual 
manner and furnished a single 3,5-dinitro 
after several re 
\naly 


a Q): 


benzoate, m.p. 56-57 
crystallizations from MeOH-—water. 
Calculated for Cy3;HigNeO¢g 2 
H, 5.44; N, 9.46. Found: C, 52.68, 52.72: 
H, 5.46, 5.44; N, 9.21, 9.45 


3) The major component was hydrolyzed 


sis 


by 1N potassium hydroxide in boiling ethyl 
The resulting acid and alcohol 
An anilide of the acid had 
92-94°, compared with the literature 
(Vogel, 1951; p. 361) of 95° for 
caproic acid anilide. \ 3,5-dinitrobenzoate 
of the alcohol 57-58 compared 
with 61° (Vogel, 1951; p. 267) for n-hexyl- 
3,5-dinitrobenzoate. 


ene glycol 


were isolated. 
m.p. 
value 


melted at 


Infrared spectra of the 


hydrolysis products were identical in all 


respects to those of caproic acid and of n- 
hexyl alcohol 


+) n-Hexyl caproate was synthesized 


from chloride and hexyl alcohol 


The resulting ester was purified by repeated 


caproy 
distillation in vacuo until the cut, b.p. 73 


74°/0.35 mm shown to be pure by 
(;LP¢ Infrared and NMR spectra of syn 


thetic n-hexyl caproate were identical in all 


Was 


respects to those of the major component 
and very puzzling 
the 


anomalous 
the 


Che only 


entire structure prool Was 


recult 7 
esul 1 


essentially zero value in the C-methyl dete 


mination ot compound that has two such 


groups. This result lent support to an early 
that tl 


the major com 


rather than an 


hyy othesis 


1 
WOTKING 


ponent was a lactone este! 


Subsequent experimental results (vide su 


1 
pra) made this hypothesis untenable In 
order to correct or confirm the early analyti 
cal results, samples of natural and synthetic 
n-hexyl caproate were subjected to C-methyl 
determination with the following results: 

Syntheti 


Natural 


0.0, 0.00% 


It is therefore apparent that n-hexyl caproate 
is indeed under the 
conditions of the Kuhn-Roth determination 


resistant to oxidation 
and gives anomalous results 

The minor components. 
tion. A crude separation was achieved by 
column chromatography Florisil. Five 
grams of volatile oil yielded: 1) 4 g of color 


Initial separa 
on 


less petroleum ether eluate possessing an 
odor very similar to that of n-hexyl caproate ; 
diethyl ether 
eluate having an odor strongly reminiscent 
and 3) 0.01 g of dark-yellow 
viscous eluted with acetone having an 
odor not unlike that of apricots. No GLP‘ 
could be obtained for the acetone eluate 


2) 0.78 g of straw-yellow 
of peaches ; 
oil 


plot 
since the oil was too viscous to be introduced 
satisfactorily. Fig. 1 compares GLPC plots 
of the crude oil, the petroleum ether eluate, 
and the diethyl ether eluate. The petroleum 
ether fraction apparently had a composition 
very similar to that of the crude oil, and the 
diethyl contained components 


not previously encountered. All identifiable 


ether eluate 





VOLATILE CONSTITUENTS 


OF PASSION 


FRU 








MILLIVOLTS 


RECORDER RESPONSE 





TIME , MINUTES 


oil; (b 
at 45 ml 


GLPC’s. volatile 


Silicone on fire brick; 


(a) 
184 


Fig. 1. 
: heliun 


peaks are numbered successively with in 
creased retention time, and are referred to by 
these designations hereinafter 

Identification. Since ethyl 
been identified as a 
aqueous phase (unpublished data 


had 


component of the 


alec rhc | 


and n- 
hexyl caproate as the major constituent of 
passion fruit oil, it seemed reasonable to sus 
pect the presence of other ethyl and hexy! 
The 


boiling point was therefore determined fot 


esters. relation of retention time to 


a series of authentic esters under our ex 


Che 


lo allow boiling-point assignments 


perimental conditions. results are in 
Table 2. 
to be made on the basis of retention times, 
the above data were plotted. It should be 
pointed out that boiling points correspond 
brief (one 


the 


to very retention times 


ing 


minute or less) are not reliable, since 


respective compounds are eluted very 
nearly as fast as it takes for the carrier gas 
to pass through the column. For very long 
retention times the accuracy of the estimated 
points diminishes, since diffusion 
tend to the GLP¢ 


This is particularly apparent with fractions 


boiling 
effects broaden peaks 
low concentration, which give rise 


lable 3 


in very 
to broad peaks of small deflection 


petroleum ether 


| eluate; (c) ethyl ether eluate. 


min 


shows retention times of component peaks 
and estimated boiling points 
ether eluate 
fraction 


Fig. | 


eluted 


Petroleum indicates 
that the 
troleum ether consisted of four principal 
11, C-9, C-6, and C-4, 


responding to the major constituents of the 


column with pe 


components, ( cor 
crude oil. 

a retention time 
and 


Component C-11, having 


of 10.8 min, was separated by GLP 


PC 
It had a refractive index of 1.4237 


collected 
(24°), compared to a value of 1.4282 (20°) 
The 


infrared spectra of C-11 and n-hexyl caproate 


determined earlier for n-hexyl caproate 


were identical in all respects 


Table 2. Retention times of six known esters on 
a silicone gas-liquid partition chromatography col 


umn at 184 


Ethyl acetate 


Ethyl butyrate 
Ethyl caproate 
n-Hexyl acetate 


n-Hexyl 


n-Hexyl caproate 


butyrate 





HiIl 


Table 3 


points ot 


Retention times and estimated boiling 


all component peaks on a silicone gas 


liquid partition chromatography column at 184 


Estimated 
boiling point 
{ 


Retentior 
ime (mit 
0.96 
1.12 
1.36 
1.64 
2.16 
2.82 
5.00 
4.40 
= 34 


8.06 


10.80 
14.44 
16.5 


Component C-9, 
5 34 mit, corresponded 
Its 
with an 


Its 


with a retention time of 
toa compound hav 


ing a b.p. ca. 208 identity 


Was proved 
by comparison authentic sample of 


n-hexyl butyrate refractive index 
1.4165 (20 


(Huntress and 


Was 
, compared to a literature valu 
Mulliken, 1941) of 1 


chromatography of its hy 


$188 


(15 ee papel 


droxamic acid derivative showed it to be an 


ester of butyric acid; and its infrared spe 


trum was identical in all respects to that of 


—53°/0.5 


a svntheti 
np=* 1.439 


sample, b.p. 5 


Wim 


retention time 2.8 min, 


Component C-6, 
corresponded to a compound having 
ca. 167 lhe material was separated by 
(GLPC and collected \ paper 
gram of the hydroxamic acid derivative in 
BuOQH-AcOH exhibited 
R,e 0.83 and 0.08, respectively correspond 


a b.p 
chromato 


water two spots, 


ing to caproic and acetic acids. An infrared 
spectrum of this identical 


component Was 


omposition otf 


quantitative 


Wt 


Ethyl butyrate C-4 
Ethyl caproate C-6 


0.0774 


0.1289 


9.4 


14.0 


7.70 
12.8 
butyrate C-9 


caproate (¢ 1] 


n-Hexyl 0.1989 19.8 


n-Hexyl 0.6000 59.7 


AND 


standards 


SCHEUER 561 
with the spectrum of ethyl caproate, with 
one deviation: our compound had at 12.4 p 
a band that was lacking in the spectrum of 
ethyl Component C-6 therefore 
represents slightly impure ethyl caproate. 


caproate. 


To allow identification of C-4 the GLP 
apparatus was recalibrated at 143 Stand- 
ard retention times were found in the man- 
ner described above for the higher tempera- 
ture. In this manner C-4 was identified as 
ethyl! the 


ethyl caproate was confirmed 


butyrate, and identity of C-6 as 


Diethyl ether eluate. Further gross sepa 
ration of this material into two fractions was 
Florisil 
ether-diethyl 


Decreasing amounts of yellow 


obtained by rechromatography on 


and elution with 


ether (1 1) 
oil were eluted in fractions 1 


Ve llow oil 


lhe 
rechromatographed on 
tl 


petroleum 


7 and a viscous 
of different odor in fractions 8-10 


first seven fractions were combined, 


Flor isil, de veloped 


Wi petroleum ether, and eluted with in 
concentrations of diethyl ether 


analysis of the resulting 24 chroma 


creasing 
GLP¢ 
tographic fractions yielded the following in 
formation Fractions 1—4 consisted 
tially of solvent; fractions 5—8 consisted of 
a mixture of C-4, C-6, C-9, and C-11, which 
had been previously encountered in 
troleum ether eluate 


the 


essen 


the pe 
None of 


obtained in 


and identified 


remaining fractions were 


sufficient amount for positive identification 
Spectral data were obtained of several frac 
tions having the characteristic odor of roses, 


apricots and peac hes 


QUANTITATIVE ESTIMATES OF THE 
IDENTIFIED COMPONENTS 


Three standard 1 n-hexy] 


caproate, n-hexyl butyrate, ethyl caproate, 
and ethyl butyrate, corresponding to C-11, 
C-9, C-6, and C-4, were prepared in propor 
similar to those the 


tions found in 


passit 8] 


0.0484 


0.1061 


0.0305 3 (4 
0.0683 6.380 
0.1482 0.0983 979 


0.8067 80.4 





VOLATILE CONSTITUI 


NTS 


Table 5 


0.0023 
0.0087 
0.0101 
0.0492 


Ethyl butyrate ( 
Ethyl caproate (¢ 
n-Hexyl butyrate C-9 


n Hexyl caproate 11 


fruit oil. The data are in Table 4. When 
known percentage composition was plotted 
against corresponding areas under the peaks, 
straight lines were obtained for the three 
experimental points in all cases. The plots 
2. A GLPC of 


was used to determine 


are reproduced in Fig. trace 
the total 
the relative areas under the peaks repre 
4, C-6, C-9, and C-11 by cutting 
out the peaks and weighing the paper 


volatile oil 


senting ¢ 
Per- 
centage composition was then read from the 


calibration curves (Fig. 2). These data are 


7 


o—doO I 


hexy! caproate 


4 BY WEIGHT 


?, Calibration curves for quantitative an 


and C-11 


Fig. 
alyses of components C-4, C-6, C-9, 


Weight percent composition of four principal components of volatile passion fr 


OF PASSION FRUIT JUICI 


ult 


8 Oil 


0.0028 
0.0074 
0.0118 
0.0543 


lable 5. 
had been shown to be caused by petroleum 
1 
all 


Comparison 


in The peaks C-1 and C-2, which 
remaining 
of this 
weight with the weight of peaks C-4, C-6, 
C-9, 11 identi 
fied components represented 94.7% of the 
total volatile oil. The percentage figures ar 


ether, were neglected, and 


peaks were weighed 


and ( showed that the four 


rived at in Table 5 were then corrected for 


this factor. The true percentage Composition 


by weight is shown in Table 6 


DISCUSSION 


It is interesting to compare these results 
with some of those reported for other fruits 
The volatile oil of banana (13 ppm) is com 
posed largely of amyl esters of acetic, iso 
valeric, isocaproic and caprylic acids in addi 
tion to a number of unidentified compounds 
et al., 1945); 
essence (15.7 ppm) is made up largely of 


( Haagen-Smit grapefruit 


limonene (Kirchner and Miller, 1953) ; and 
strawberry oil (75 ppm) contained over 40 


compounds of which ca. 20 have been identi 


The ¢ 


pounds were ethyl butyrate, isovalerate, and 


hed. ‘sters among the identified com 


caproate, as well as isoamyl and n-hexyl 


acetates (Corse and Dimick, 1958). To out 


knowledge this is the first report of the oc 


currence of n-hexyl caproate in a natural 


product The component alcohol and acid 


lable 6 Percent composition 


volatile passion fruit oil 


Component 


Ethyl butyrate C-4 


Ethyl caproate C-6 


n-Hexyl butyrate C-9 


n-Hexyl caproate ¢ 


Unidentified components 





have, however, been found in strawberry 


essence (Corse and Dimick, 1958) 
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Volatile Esters of Bartlett Pears ‘ 


WALTER G 


( Manuscript 


receive 


JENNINGS 
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SUMMARY 


Esters are responsible for the typical desirable aroma of Bartlett pear. Hy- 


drolysis products of these esters were resolved by gas chromatography. 


major ester acid is an unsaturated 10 carbon acid, which hydrogenates to vield n- 


capric acid, as identified by relative retention volume and infrared spectroscopy. 


Nonanoie acid is present in relatively large amounts, and smaller amounts of 


acetic, propionic, butyric, caproic, and caprylie acids are involved. The major 


ester aleohols include n-butyl aleohol and n-hexyl alcohol. 
‘tional or eyclic, occur in large amounts. 


unidentified alcohols, possibly polyft 


Two other still 


The author was unable to find evidence of ethyl esters. 


Most fresh fruits are characterized by pat 
ticular natural that influ 
ence buyer appeal and consumer acceptance 
These volatile flavor compounds, though the 
object of much study, remain largely un 
(1939), 


aromas strongly 


identified. Redgrove reporting on 
synthetic formulations, implied that a blend 
of several materials was essential for satis 
factory imitation of the pear flavor. His list 
included, in decreasing order of importance, 
isoamyl acetate, ethyl acetate, citrus oils, 
isobutyl acetate, ethyl buty1 


butyl acetate, 


ate, and isoamyl butyrate 
Mehlitz Matzik 


acids of several 


and (1956) studied th 


volatile pear varieties, not 


including the Bartlett. They reported vola 


tile acid contents ranging from 44 to 106 


1] o/| 


for various varieties, and 


(suyot. 


the 


ind acetic acids, identified by 


ester content of 7.6 mg/L. for 
Formic 
chromatographic techniques, were found 


all varieties: no other acids were reported 
Antoniant et al. (1954), 
(1955), Serini 


presence of 2,3-butvlene glycol 


\ntoniani and 


Serini and (1956) demon 


the 
and acetoin in pears and apples, 


strated 
and 


and 


sug 


gested that, because the amounts ratio 


Vas supported in 
No. 1 


paper No. 25 at the 
pa] 


Food 


This project 
Zon 

Pre sented as 
Meeting, Institute of 
York, 1961 


from Pear 


21st Annual 


‘ 


rechnologists, Vew 


these might 


\moore 


meas 


varied fruit maturity, 


serve as an index of 


(1952), 


ripeness 


attempting to relate certain 


physical properties of 
the 


that 


urable chemical or 
odor 
methyl-carbo 


ereal, floral, 


( mpounds to response 


Spec ific 
gene rated, predicted 
methoxypimelate would have etl 
that 


Johnston 


i wether 


(1960) 


and faint minty components 


would vield a peal aroma 
submitted this ester to an odor panel under 
and found 


controlled conditions, 


flow rate 


closely 
+} 


that, thoug! and concentration 


affected most levels a fruity 


pungent 


response, at 
odor with floral 


overtones Was 


obtained 


a study designed to identify the vola 


tiles of Bartlett | and evaluate their 


in determining flavor, an enclosed 
at pel 


roles 
s been utilized tl 


recove!l ot the ve latile Ss man 
., 1961). The 
reported here concerns the identity of sé 
the 


processing system ha 
mits aqueous 
essence (Jennings ef a vorl 


eral of esters in this essence 


METHODS 


Che 
Bartlett 


Preparation of essences. essences used were 
essed 
A i 


pears pre 


d (Jen 


recovered from fresh, ripe 
in an enclosed system previously describ 
nings et al., 1961) 

Preparation of essence hydrolysate. 
#4 added to 


essence to O.1M7 in 


Suthcient 


hydroxide was aqueous 


potassium 


achieve a_ solution hydroxide 


This was boiled under reflux for six hours, and 


cooled 





OLS 


} 1 


n-butyl 
fourth 
agi with any normal 
RESULTS AND DISCUSSION onde’ cause an unsatura | compout 
Fig. 1 illustrates a chromatogram typical generally exhibits a slightly greater reten 
the ether extract of pear essence, | tion volume on DEGS than does its satu 
Fig. 2 shows the chromatogram of the het rated counterpart ( Lipsky et al 1959), it 
extract of the alkaline hydrolysate of ag seemed possible that pear alcohol 3 could be 
essence. Even under alkaline conditions, the an unsaturated C-7 alcohol. Experimental 
typical pear aroma is quite strong, but when determination showed that its retention 
conditions for hydrolysis are made stringent volume on the DEGS substrate agreed pre 
enough that the chromatograms are similar cisely with that of 3-heptene-1-ol 





ESTERS 


VOLATILI 


PEAR ALCOHOLS 4+ 


Preptyt 
6 


go 
2 omy 
rs 
oF q 
Po butyl 


WEIGHT 


MOLECULAR 


Pt Opy! o 


ethyl 9 


RELATIVE RETENTION VOLUME ”-Aexy/ alcohol = 10 


Fig. 3. Comparison of the relative retentions of 
alcohols 


peat (top arrows) and a series of know1 


n-hexyl alcohol 1.0. 


primary n-alcohols 


When the pear alcohols were chromato 
graphed on a diglycerol substrate, a ma 
terial that resolves alcohols to a degree that 
was previously impossible, pear alcohols | 
and 2 were confirmed as n-butyl alcohol and 
n-hexyl alcohol. The retention of 


pear alcohol 3, however, was shown to differ 


relative 


from that of 3-heptene-l-ol on this column 
(These chromatograms were run on equip 
ment of R. E. Kepner and 
\. D. Webb, respectively Departments of 
Chemistry and Enology, University of Cali 
A report on the use of this 


Professors 


fornia, Davis. 
substrate will appear shortly. ) 

Infrared spectroscopy of pear alcohols 3 
and 4 showed similar spectra. The spectra 
show evidence of hydroxyl groups, carbony] 
groups, and methyl groups. One fraction has 
been isolated from a commercial preparation 
f acetoin whose retention on DEGS agrees 
There are dif 


O 
with that of pear alcohol 3 
ferences, which might be reconciled, in their 
infrared spectra. Their retention values on 
the diglycerol column have not yet been com 
pared. The possibility of terpene alcohols 
other cyclic striictures cannot be 
at this time. Strong infrared ab 
sorption at 5.6 » can be interpreted as indi 


or dis 


counted 


cating a strained double bond in pear alcohol 


3. Beyond this, the structure and identity of 


pear alcohols 3 and 4 remain to be elucidated 
was somewhat surprised at 
ethyl It 


extracting solvent, 


The author 
the 


re | 
sid 


esters Was 


the 


absence oft con 


ered possible that 


OF 


BARTLETT PEARS 


being in vast excess, was masking the pres- 
\ preparative scale 
this, 


ence of ethyl alcohol. 
gas chromatograph was used to check 


collecting that area of the ether peak 
what 


by 
where ethyl alcohol would have been 
might be termed an ethanol center-cut. Sev 
eral such collections were combined, re 
chromatographed, and then retrapped at the 
point where ethanol would have emerged 
This material was then examined on %-in 
analytical columns containing DEGS, and on 
another of diglycerol, whose retention time 
ethanol to further from 


Ethyl alcohol was not demonstrated 


permits separatt 
ether. 
Thus, 


they 


if any ethyl esters do exist in pear, 


appear to be present in relatively in 


significant amounts 

The ester acids were isolated by ac idifying 
the alkaline hydrolysate and extracting with 
ethyl ether. Fig. 4 


g shows a chromatogram 


of the methyl esters of pear ester acids on 


DEGS at 175° anda flow rate of 40 cc/min 


Fig. 5 shows a hydrogenated sample undet 


the same conditions. Note that two majo1 


occasioned by hydrogenation 
Fig. 4, falls be 
tween the positions that would be occupied 


11 and 


methy] 


changes are 


he major peak in which 
by the methyl esters of the normal ( 
C-12 acids, is shifted to agree with 
caprate 7 here were several other changes, 
such as the disap 
the 


somewhat less striking, 


pearance of three other peaks and 


appearance of another on hydrogenation 


on two previous occasions, ivdrogenation 


Chromatogram of methylated pear ester 


175°C, 40 ex 


Fig 


acids min. Column, 14 in 10 


DEGS 





methylatec 


resulted in ; eC of this 
and the 


longet 


I 


appearance of a new peak with a 


much relative retention Together 
with absorptions in the infrared spectra that 
could be explained on the basis of more than 
one nonequivalent carbonyl group, this was 
at first interpre ted as evidence of keto acids 
that hydrogenated to the hydroxy form. On 
this column, such a conversion would caus¢ 
retention (Lipsky et 
Later 


were 


time 


long 
a iongel 


1959) indicates that these re 


wor} 


sults artifacts caused by experimental 


procedure. These earlier methylations were 


done by refluxing over concentrated sulfuri 


acid: in the current work, the relatively new 


BF. reagent was used, resulting in methyla 


tion with much milder 


treatment ven 


hen samples were drawn out before 
drogenation had proceeded to any great « 
1 


Siowe!l 


tent, evidence for production of the 


component no longer exists 


Fig. 6 shows a chromatogram of the free, 
unmethylated pear ester acids on Empol acid 
dimer column at 198°C, and a flow rate of 
87 ml 


substrate 


\ report on the use of 
Drs Webb 


shortly in Anal, 


le/min 
(suggested by 
Kepner) will appear 
Chemistry. Fig. 7 shows a sample of hy 
chromato 
graphed under the same conditions. The 


bottom ot 


drogenated pear ester acids 
numbers and arrows at the very 
éach figure represent the positions occupied 
straight-chain n-fatty 
that 


some acetic acid, a trace of 


by the appropriate 


acids. Study of Fig. 6 suggests 


pear 


esters contain 


major peak, 


567 


propionic acid, evidenced as a shoulder, a 
small amount of butyric acid, one that might 
be isovaleric acid, caproic acid, and caprylic 
that 


agrees with nonanoic acid, one agreeing with 


acid There is a major component 
capric acid, and a very large one that is in 


the neighborhood of, but doesn’t coincide 


with, lauric acid. Though hydrogenation ex 
erts little influence on the first portion of this 
curve, it has a profound effect on the major 
shifts 


a position corresponding to that assigned to 


component, which and now occupies 


n-« ap! ic acid. 


Fig. 8 shows, in the upper half, the infra 


red spectrum of the major pear esier acid, 


unhydrogenated, and in the bottom curve, 


Chis 


infra 


the same material after hydrogenation 


bottom curve agrees precisely with the 
] 


red spectrum of n-capric acid major 


differences between these two spectra, e.g 


the disappearance of absorption bands at 
6.2,7.1, 10.1, and 11.5 p, can all be 


for on the basis of hydrogenatiot 


accounted 
of methyl 
ene groups 


(On the basis of relative retention times of 


the pear acids and their methyl esters on 


Fig. 7. Chromatogram of hydrogenated pear ester 


acids. 198°C, 87 cc/min. Column, % in. X 10 ft 


Empol dimer acid 





ESTERS 


VOLATILE 


Fig. 8. Comparison of the infrared spectra of the 
major pear ester acid before (top curve) and after 


Approx 


20%, solu 


(bottom curve) hydrogenation. 
tions in CCl, micro-cavity cell 


reasonable to 


of 


seems 


two columns, it 
small 
caprylic, and capric acids 


these 
that quantities acetic, 
buty ric, caproic, 


in 


conclude 


are involved these esters. There is a 


trace of propionic acid, 
Nonanoic acid is present in 
he major pear acid is 


and possibly some 
isovaleric acid. 
larger amounts, and t 
an unsaturated C-10 acid. 

We are currently engaged in preparative 
scale gas chromatography to isolate larger 
and investigate 
esterified with 


quantities of pear esters 
which acids are normally 


which alcohols. 


OF 
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Volatile Flavor of Sauerkraut." Gas Chromatographic 
Identification of a Volatile Acidic Off-Odor 


MARIE L. VORBECK, LEONARD R. MATTICK, FRANK A. LEI 
anD CARL S. PEDERSON 
York State Agricultural Experiment Station, Cornell | va, New Yor 


(Manuscript received June 19, 1961) 


SUMMARY 


A method is presented for gas chromatographic identification of the chain 
length and structure of methyl esters of lower-molecular-weight fatty acids. 
The chemical identity of the “cheese-like” off-odor of sauerkraut was estab- 
lished. Abnormally high concentrations of n-propionic, n-butyric, and n-caproic 
acids were found in samples of kraut that had been graded low because of this 
off-odor defect. A very poor sample that had been discarded, contained isobu- 
tyric and isovaleric acids in addition to n-propionic, n-butyric, n-valeric, and n- 


caproic acids. In this sample, n-butyriec acid was found in the largest concentra- 


tion—103 ppm. 


INTRODUCTION fur compounds. The possible role of hy 
The primary reaction occurring during drogen sulfide or volatile mercaptans was 
j “chemical odot 


eliminated by the use of a 
filter’’ (Brenner et al., 1955). The addition 


the fermentation of cabbage to sauerkraut by 


the lactic acid bacteria is the conversion of 
carbohydrates to acids and alcohol Vhe of a 5% copper sulfate solution, which com 
identification of acetic and lactic acids and pletely screens out the odor of both hydrogen 
ethyl alcohol as the major end products sulfide and mercaptans, produced no signifi 


well-established cant 
ott odor kraut However, neutralization 0 


in the “cheese-like” aroma of the 


of fermentation has been change 
Pederson, 1960) \t times, 2'snormal fer 
sauerkraut the 
suggesting that lower-molecular-weight fatty 


t 
i 


mentations occur, producing steam distillate removed the oft-odor, 


with various types of off-odors \n off 
odor that is observed on occasion has been acids, other than acetic, were responsible for 
described as “cheese-like” to putrid. Al- the off-odor defect 


though relatively rare today, this off-odor ees ; 

‘ : EXPERIMENTAL 
still presents a problem of serious economic 
loss to the industry } ate studied was samples 

uerk it graded to U.S.D.A. standards 


In attempting to establish the chemical raded according " 
j 


canned sauerkraut “United States Standard 


nature of this off-odor, it was initially postu 
states 


for Grades of Canned Sauerkraut.” United 


lated to be associated with the breakdown — , 
Department of Agriculture, Agricultural Marketing 


of the sulfur-containing constituents of the Wrasl D.C. May 10. 1987). TI 
Servi ashingtol ay |! 4) ie 


P ryice 
cabbage, particularly the thioglucosides and ff-od ma ae ;, | 
; off-odor s } s consisted ot one sample ee 


] 
sulfur-containing amino acids. Many of the — gipstan and discarded becaus« ee ee 


unpleasant odors produced during the cook defect, and four others 


Controls were two samples graded 


showing varying degrees 


ing of some vegetables have been associated 


vith the breakdown of the various labile sul excellent 
Six hundred g of sauerkraut were stean 
Approved for publication by the Director of the distilled at the rate of 5 ml per mir \ Friedrich 
New York State Agricultural Experiment Statior condenser and ice bath served to collect the dis 
I] \pprox. 1200 ml of distillate were collected 


as Journal Paper No. 1212 tillate 

Presented in part at the 2lst annual meeting rhe distillates were adjusted to pH 8.3 with 0.1A 
of the Institute of Food Technologists, New Yorl NaQOH and concentrated in a rotary film evaporator 
May, 1961 


Following idification of the sodium salts, the free 


acid 


569 





570 VOLATILI 


acids were recovered by extraction with ethy! ether 
Che comparatively large excess of acetic acid, which 
is normally present in sauerkraut, was removed by 
method of 


silicic acid chromatography by the 


Marvel and Rands (1950) as modified by Rice and 
(1954) The 


showed that all of the lower-molecular 


Pederson effluent-volume pattern 
weight fatty 
were found in 


with O.OLA 


acids, except tor acetic and formic, 


the first eight fractions. After titration 
NaOH, these 
and evaporated to dryness. The acids were liberated 
with 10% 
ot ethyl ether. The 


methanol fractions were combined 


H.SQO, and extracted with a minimum 


efficiency of recovery of the 


acids from the silicic acid column was 97% 


was concentrated in a stream of 
rhe 
to the corresponding methyl esters by reaction witl 
diazomethane (Vorbeck et al., 1961) 

\ Barber-Colman Model 10 gas chromatograph, 
cell 


was used for quali 


rhe ether extract 


nitrogen at 4° ( fatty acids were converted 


employing an ionization detection containing 


) 


56 microcuries of Radium 226, 


tative and quantitative determination of the methyl 


esters of the fatty acids. Since retention data on a 


single stationary phase can be misleading, two 


chemically distinct types of stationary phases were 
used to define the chain length and structure of 
the unknown acids. 


The [ 


boro-silicate 


shaped columns were of 
glass tubing, 5 mm ID and 6 


\ piezon 


hydroc arbon, 


The stationary phases used were 


non-polar saturated paraffin 


butanediol succinate (BDS), a polar 


acid The Apiezon L 
isort \\ . 


w). The 


succinic 
Chromz 80-100-mesh, in 
BDS was packed on Chromasorb P 


( Vorbecl et 


hy 


60-80-mesh, in a ratio of 1:5 (w/w) 


1960 Both columns preconditioned 


were 
baking prior to analytical use (90°C for the Api 
zon | 1 85° for the BDS Che 


\piezon L 
flash 


perating 


column: temperature 


s+ ( cell heater 206°( 


sure 30 psi, flow rate 79 ml per min. BDS colum: 
temperature 79°C, cell 245°C, flash 


17 psi, 


500 volts was applied to both detectors, 


heate 216 ( 


argon pressure fiow rate 33 ml pe Wn \ 


potential 


and argot vas used as the carrier gas for both 


columns 


\ mixture of known composition containing both 


normal and branched-chain saturated acids was 


prepared and chromatographed to obtain relative 
data Fig. 1 


tained by plotting the log of the relative retention 


retention shows the relationship ob 
volume in 


rhe 


methyl butyrate 


' 
a polar and nonpolar stationary phas« 


retention volumes were calculated relative to 


The slope of the line is dependent 


on the relative interactions of the esters with the 


Differences in London dis 


with the 


two stationary phase s 


persion interactions stationary phase cot 


FLAVOK 


OF SAUERKRAUT 


normal and branched 


1959). 


trol the separation ot the 


chain saturated esters (James, In the polar 


BDS phase, the retention volumes are smaller than 


in the nonpolar Apiezon L because the London dis 
ractions between the esters and the polar 


With tech 


3-methyl pentanoic, 


persion inte 


phase are smaller in magnitude this 


? 


nique, 2-methyl butyric, and 


methyl pentanoic acids can be separated and iden 


tified (unpublished data) 


RESULTS AND DISCUSSION 
Fig. 


grams of the esters from the lower-molecular- 


2 shows a tracing of the chromato 


weight fatty acids of the off-odor kraut and 
excellent kraut. A considerable difference is 
observed between the two samples in both 
the the 


molecular-weight fatty present. The 


nature and amounts of lower 
acids 
relative retention volumes in both Apiezon 
lL. and BDS were calculated, and the peaks 
are identified from the data presented in 
Fig. | 


] 


Table 1 shows the distribution of the 


fatty acids in the 
The 


the various acids were calculated by triangu 


lower-molecular-weight 
S 
two samples of sauerkraut amounts of 
ation from the peak areas. revious work 
lation fr tl k at P | 
from this laboratory (Vorbeck et al., 1961) 


nm 
2) 
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Fig. 1. Relationship between log of 


tention volumes of normal and branched-chain sat 


urated acids in a polar (BDS) and nonpolar 


(Apiezon, L) substrate. Retention volumes calcu 


lated relative to methyl butyrate 
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lable 1. Distribution of lower-molecular-weight 


tatty acids. 





\c 


Propionic 
n-Butyric 103.0 

”~ 
19.2 


YY 


iso-Butyric 
} Valeri 
iso-Valeric 
n-( aproi 59 3 
Heptanoic 


n-Caprylic 


has shown a molar-area relationship for the 
The standard devi 


0.32% 


ionization detector used 
ation of the method is 
Che most striking difference is 1n the con 
The ott-odot 
kraut contained 103 ppm, approx 1000 times 


centration of n-butyric acid 


as much n-butyric acid as in the excellent 


kraut. Isobutvric, isovaleric, valeric, and 
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n-caproic acids were also found in significant 
in the off-odor kraut, but 


were notably absent or insignificant in the 


concentrations 


kraut. The presence of heptanoic 


acid in the excellent kraut is interesting. 


excellent 
n-valeric, and acids 
excellent kraut the 
the oftf-odor kraut 
“cheese-like” off-odor defect 


n-Butyric, 
added to the 
trations 


n Caproi 
11 concen 


found in pro 
duced a similar 
\ flavor panel could detect a concentration 
of n-butyric acid of about 7 ppm in an aque 
ous solution. The effect of degree of ioniza 
tion of the butyric acid on flavor intensity 1s 
currently receiving investigation 

Four other samples of sauerkraut, with 
less pronounced off-flavor but scored low be 
ol 
to contain mn butyric acid as well as othet 
fatty Phe 


concentrations of the acids were significantly 


cause the “‘cheese-like” odor, were found 


lower-molecular-weight acids 
higher in these samples than in the second 
lable 2). of 


(19, 45, 287), like the sample previously dis 


control sample ( Three these 
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TIME, MINUTES 


EXCELLENT 


Chror 
BDS 


natograms of methyl esters of 


} 
phase 


Stationary 
yl but 


ellent kraut 1) solvent 
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Caproi 
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Grading 
Score 


] 
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Salt/ Acid 
Ascorbic 
( olor 

Rd 


a 


cussed, had been 


except flavor 


flavor were not s¢ 
PK, and the sam] 
mal analyses for 
ac id, and color. 
The 
molecular-weight 
is not explained 


of these acids it 


not to have result 
of the lipid materi 
fatty 


was made of the 


crude lipid of tl 
low 


acids were found 


amounts of 


tral fat of any 


result of 


were the 


during abnor 
known. It is kno 
weight ar 


lar 
hvdrolytic rancid 
of importance in 


many types of che 


moiec ular wt 


mechanism 


he samples 


samples. Whetl 
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Analysis of sauerkrauts grade 


t 


in all respects 


graded high 


The objectionable odor and 


» pronounced as 1n sample 
les otherwise showed not 
total 


acid, salt, ascorbi 


which th 


¢ howell 


by 
fatty acids were formed 

lhe large concentrations 
the off-odor krauts appeat 
hvdrolysis 


\ study 


xtracted 


ed from simple 
il of the cabbage 
acids in the « 
No 


ir-weight fatty 


detectable 


er-molecul: 


in the phosp! olipi oO! 


these 


eT 
a breakdown o1 


‘mal fermentation is not 


that the lower-molecu 


whi 


t] 
¢ 


ids are responsible for 


flavor of butterfat and are 


the flavor development ot 
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An Investigation of Varietal Differences in the lodine-Binding 
Capacities of Crystalline Rice Amyloses * 


PraiLastr eo: i VIRGINIA R. WILLIAMS 


Manuscript 1 


SUMMARY 

Purified amyloses have been obtained from four widely different varieties 
of rice by aleohol fractionation of the corresponding starch. Each variety 
of amylose was found to bind 18.9 mg of iodine per 100 mg of amylose on 
the basis of solvent-free carbohydrate. Viscosity measurements in potassium 
hydroxide solutions have made possible the calculation of the  viscosity- 
average molecular weights. These molecular weights were found to be: 
Century Patna 231, 100,000; Caloro, 140,000; Rexoro, 325,000; and Z« h, 
310.000. Beta-amylase action on Century Patna and Rexoro amyloses in- 
dicated that the structures of both were similar. 


t1 


From previous investigations (Rao « 


£ 
1952; Williams ef al., 1958), rice varie ind Century Patna 231 were obtained 


, , 1952 on 
may now be characterized by the amylose ’ crof 


, , xtraction of starcl 
content of their starches as well as size and ; 


: ode , nation and puri 
shape of the whole grain. Little information : 

., 1960). Purific 
is available, however, as to whether any : 
repeated washings 
differences exis ! » amvlose molecules recrystallization 
themselves ie molec weig! ts ol | 


eral amyloses extrac 


letermined previously in this laboratory 


a periodate oxidation method (Tsai et al 


1960 ) \Ithough the amyloses prepared for 


that study were not completely purified, 
nevertheless possible ‘ ul: 
| 


molecuilal weights on 
ly t WA Id } 


| 
varieties ould I 


i ind the s: 

overnig 
ot 1 cline by weight when ¢ omplet ly pl sulfuri 
‘T present study was undertaken lesicc; 


the va tv of that assumption 


provide additional information on 


physicochemical nature of rice amyloses 


deter 


EXPERIMENTAL METHODS loss upon dryi 18 hr 


Isolation and purification of the amyloses f were ashed f 


, . ‘ 500°C in a Lindbet ele 1 | 
obtaining the tour varieties of rice chosen for & ctric lurnace 


; Iodine affinity lwo methods } 

studv, no attempt was made to secure uniform . ethod employe 
P : , for determining total iodine ’ 
‘siti: ineies Cilia aie tne pafienl ete ining il iodine bound. 7 


at 


oT 


“dd 


he first was 


a modification ot a colorimetric procedure devel 


oped in this laboratory (Williams e¢ a/., 1958). The 


Presented at the 2lst Annual Meeting 


Institute of Food Technologists, New York covered with 1N potassium hydroxide (usually 
1960-1961 General Foods Fellow of the Insti ml in a 50-ml! flask) Chis 
tute of Food Technologists Longer solution time per 


amylose was weighed into a volumetric flask and 


S 


solution was allowed 
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dissolving a greater quantity of amylose, 


led to a decrease in iodine binding, 
After 
to 


mitted 
but invariably 
through oxidative degradation. 
solution the flask diluted 
volume with distilled water, and an aliquot 
1.0-1.6 
beaker 
and 


presumably 
was complete, was 
con 
f amylose was removed to a 
added 50 dis- 
was adjusted to a pre- 
(10.8 


taining mg oO 


250-ml ml of 


To this 
pH 
determined arbitrary pH 
most cases) with 0.06N hydrochloric acid. 


Was 


tilled water the 
in 


\ meter 


meter reading 
reading of 10.8 corresponded to an indicator paper 
»H then 
100-ml 


This solution was trans 
flask, 
iodine in 
the flask 


Was 


reading of 6-7. 
to 


reagent containing 0.2% 


ot 


c 
We 


an 


po 


contents 


volumetric ml 


ferred a 2 
iodine 

tassium iodide was added, and 
were diluted to volume. 


Klett-Summerson photometer with the K59 filter. 


The color read in a 
The solution color and reading varied with the pH 
of the solution, but by adjusting to a meter value 


1.0 


1 
rela 


10.8, even a solution containing as little as 


Phe 


Was 


ot 
mg of amylose was always a deep blue. 
tion of concentration to optical density linear 
in the range employed (1.0-1.8 mg amylose) 

[he second method investigated to provide iodine 
sorption data was a potentiometric titration. Two 
followed: the titration 


(Bates et al 


procedures were classical 

1943), and 
i. tea 
differed 
the 


an 
Schoch 
the 


Was 


method for starch un 
published method circulated by 
This 

that 
tor 


method from 
of 


concentrated 


(1960). latter 


in dispersion amy lose 
15 
chloride solution (40 
bath. This avoids the possibility 
due to overexposure to strong alkali. 
The for 


method 


former 


carried out min in calcium 


Baume) in a boiling water 


of degradation 


iodine titrant solution use in either 


fresh daily by a _ tenfold 


stock solution containing 


prepared 
of 


was 
lilution of 10 
2.000 g of iodine and 83 g of potassium iodide per 


ml a 


liter determined by standardization against 


as 


arsenic trioxide and sodium thiosulfate. The con 


centration of the stock solution did not change 


appreciably over a 2-month period when stored 


in the dark. Titrations were performed on 10-mg 
samples 10-ml Beckman 
Model G pH meter was used in conjunction with 


saturated 


with a microburet \ 


bright platinum and calomel electrodes 

for determination of the potential 
Total carbohydrate analyses. 

(I 1952) w 


total carbohydrate, 


r he 


for 


anthrone 


method eWUS, as used determina 


tion of using as standard a 


sample of Rexoro rice amylose prepared by J. T. 


(1961), by a slightly different procedure 


1943). 


Hogan 
Wilson et al 
Viscosity studies. Viscosities of each variety of 

measured 


4 


vald-Fensk« 


prepared in this laboratory wer« 
le 


Vas 


an ylose 
1\ 1 

LN pot 

Phe 

No 


issium hydroxi solutions not over 


viscometer an QOpst 


100, with a flow time of approx 60 


BY 


RICE AMYLOSES 


measured to the 
the 


solvent. Flow times were 


0.01 


tor 


sec 


nearest second with a stopwatch; tem- 


perature was controlled with a circulating water 


bath thermostated at 30.0°¢ 
tion, the alkaline solution was allowed to warm to 


For each determina 


room temperature, then was diluted to volume with 
additional potassium hydroxide solution, and filtered 
sintered-glass funnel. The pipette 
10.0 ml o 


equilibrate 10 min in the bath. 


through a coarse 
was filled with f solution and allowed to 


Four or five read 
filling 


The Rexoro and Century 


ings were made 

Enzymatic analyses. 
Patna 231 varieties were subjected to the saccha 
rogenic The 
enzyme was obtained from Nutritional Biochemicals 
Corp. The reaction conducted for 24 hr 
30°C 0.2M pH 4.8. Reducing 


sugars formed were determined by the 


per 


action of crystalline beta-amylase 


at 


was 


in acetate buffer, 


dinitrosali 


cylic acid method (Sumner, 1925), using maltose 


as the standard 


RESULTS AND DISCUSSION 


reliable information on the 


capacity (IBC) of each amy 


To obtain 
iodine-binding 
lose, complete purification was necessary 
When purification had been extended until 
the iodine sorption became constant, the 
amylose was assumed pure. On this basis, 
the pure amyloses from the four varieties 
were found to bind ‘essentially the 
amount of iodine by weight. However, when 
“standard sample” of Rex- 


suplied by a T. Hogan, the 


Same 


compared to the 
oro rice amylose 
amylose samples were found to be only 83% 
amylose by both colorimetric IBC and carbo- 


hydrate analyses (Table 1). For further 


Table 1. Carbohydrate and blue values 


Blue value * 


% carb (590 mz) 


Variety 
306 
312 


316 


Century Patna 231 83.0 
82.5 


84.0 


82.0 


Rexoro 
( aloro 
Zenith 


“Standard” 


309 


100.0' 366 


concentra 
volume 


corresponding to a 


* Optical density 
per 100 ml final 


tion of 1 mg of amylose 


» Assumed 


confirmation, potentiometric titrations were 
the 


two 


and 
of 


then conducted on each variety 

standard. Fig. 1 the results 
potentiometric titrations; the Zenith 
lose shows only 15.7 mg for IBC, compared 


By this 


shows 
amy 


to 18.8 mg for the standard sample 
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aciumiisnaieib 


iodine titration of Zenith 
both 


Fig. 1. Potentiometric 


and “standard” amylose, corrected to dry 


weight but not corrected for total carbohydrate 


content 


method, along with the carbohydrate content 
analyses, it was possible to determine that 
the I Bt 


laboratory was 18.9 mg iodine per 100 mg 


of all the amyloses prepared in this 


of amylose. Japanese workers (Inoue and 
Onodera, 1952) reported that the intensity 
of the iodine coloration with amylose varies 
the rhe 
these four American varieties do not indicate 
this, but instead that any variations reported 
in IB the 
method of preparation and purity of amylose 


with variety of rice results with 


must be due to differences in 


rather than any varietal differences 
The nature of the non-carbohydrate con 
taminant was also investigated. Because pro 
tein, lipid, and ash content of the amyloses 
was negligible, and because moisture con 
tent of all the had 
determined, the impurity present in the amy 
felt to be 


( arb mn 


amylose varieties been 


lose 1s solvent bound into the 


crystal and hydrogen analysis of 
the Century Patna amylose by an independ 
(Weiler and 1961 ) 
revealed the presence of approx 10% bound 

calculated on the basis of an 
10.26% C and 6.34% H 


analytical data cannot be explained if either 


ent laboratory Strauss, 


water when 
analysis of These 


butanol or any combination of butanol and 
water is the contaminating agent; only water 
is indicated present. The failure of the an- 
alysis to for all of the 


taminant must be due to the predrying (tem- 


account 17% con- 


perature and time unavailable) before the 


analysis. All attempts made in this labora 


AND 


ey a) 
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tory to remove the contaminating material 
by moderate heating (less than 100°C) or 
vacuum sublimination (0.05 mm 
were unsuccessful. On heating 18 hr in vacuo 
at 100°C 18 hr im vacuo at 80°C as 
base), weight loss was 2%; heating 16 hr 
at 173°C, Thus this 


contaminating water cannot be merely pres- 


pressure ) 
(with 
weight loss was 10%. 


ent as moisture in the sample (true moisture 
content varied from 3—5% in the samples and 
was taken into consideration in all instances ) 
the 
water into the amylose crystals may 


Since incorporation of complexed 
have 
resulted from rapid crystallization, an ex 
tension of the time of crystallization might 
avoid incorporation of large amounts of sol- 
vent and obviate the need for carbohydrate 
analyses. All of the recrystallizations of the 
“standard” amylose were carried out slowly 
in insulated flasks (Hogan, 1961) and were 
free of bound solvent. This point is being 
investigated 

Other 


Foster, 1959) have made it possible to deter 


viscosity studies (léverett and 
mine the viscosity-average molecular weights 
for the amyloses examined here. The investi 
gation cited provided some idea of the con 
formation of amylose in solution, thereby 
furnishing data that might be used un‘er 
similar conditions to estimate the molecular 
weights of any amylose. 

Intrinsic viscosities were obtained with 
Wagner's equation (Wagner, 1947) 
log. Hret 


o 
jrel log, Yrel 


( 


concentration in g /decilitet 


and | empirically determined constant 


Preliminary investigations of the applicability 
of this equation revealed that it could be used 
accuracy in the 


deciliter 


with high concentration 
For a concen- 


to be 0.038 


range of 0.1—-0.4 g 
tration of 0.2%, k was found 
This is in good agreement with the value of 
k determined previously for amylose in po 
tassium hydroxide (Wolff et al., 1950) 

The intrinsic viscosity calculations from 


relative viscosity data at 0.2% concentration 


are given in Table 2. These represent the 
average of two separate determinations at the 
same determinations on 

re 


the same samples were within 2% 


concentration. All 
of one 
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Table 2. Molecular constants. 


Int. 


Variety vise. Mn * Mv 


100,000 
140,000 
325,000 
310,000 


0.84 
1.10 
2.09 
2.00 


29.000 
52,000 
41,000 
41,000 


Century Patna 231 
Caloro 
Rexoro 


Zenith 


*From Tsai et al., 1960. 


another. All weights of samples were cor 
rected for moisture and other non-carbohy- 
drate content. 

The viscositv-average molecular weights 
of the amyloses were calculated from the 
modified Staudinger equation, using the con 


stants evaluated by Everett and Foster : 


” K’M* 
K’ = 0.85 X 10° deciliters/g 
a= 0.76 


where 


M = molecular weight X 10 
In addition to the viscosity-average molecu 
(Mv), Table 2 includes 


molecular weights (Mn) 
(Tsai et al., 1960) using periodate 


lar weights also 


obtained previ 
ously 
| shown 
for 


has been 
1948) that 
linear polymers having a most probable dis 
tribution, Mv/Mn would be approx 1.85 for 
a equal to 0.76. In every case for our amy 
loses, the ratio of Mv/Mn is greater than 
this 


oxidation techniques. It 


(Schaefgen and Flory, 


value, indicating a predominance of 


larger molecules. This provides good evi 
dence that relatively little or no degradation 
has taken place as a result of the preparative 
procedure or the presence of alkali. It might 
also indicate that the numerous recrystalliza 
tions produced a subfractionation of the amy 
lose, and that the smaller molecular species 
that should 


were absent. If be the case, it 


have occurred to nearly the same extent in 

all samples, and the comparisons are still 

valid 
The 


the viscosity molecular weights) appear to 


values of the intrinsic viscosities (and 


he sufficiently different for the diiferent amy 
lose varieties so as to reflect true variations 
in molecular size. No positive statement can 
be made until the extent of variation among 


several samples of the same variety can be 


Whereas the 


gave a 


determined number-average 


molecular weights minimum value 


Y RICE 


AMYLOSES 


for the molecular weight and showed little 


indication of varietal differences, the 
“true” molecular weight (as expressed by a 
weighted value such as the viscosity-average 
molecular weight) points up a much greater 
difference in size. Before attempting to cor 
relate other varietal studies with the molecu 
lar weights as presented here, it will be 
necessary to obtain some knowledge of dif 
ferences in the molecular weights of the 
amylopectins. 

The action of beta-amylase was studied on 
Patna 231 


Since beta-amylase is apparently able 


the Rexoro and Century amy 


loses 
to degrade completely only glucose poly 
sacharides containing uninterrupted alpha 
1,4 linkages, this method could be used to 
show their similar chemical nature even 
though these varieties exhibited the greatest 


With a com 


mercial thrice-crystallized enzyme 


difference in intrinsic viscosity. 
prepara 
tion reported free of alpha-amylase activity, 
these amyloses were respectively converted 
96% and 99% to maltose. These values for 
the beta-amylase limits imply that the amy 
loses are identical in structure and 


p* ISSESS 


an essentially linear arrangement 


FOOTNOTE TO THE STUDY 


Since submitting this paper the authors 


have obtained a re-analysis of the Century 


Patna amylose referred to above as contain 
ing 10% complexed water at the time of the 
\fter 3 
P.O; the sample was found to be 
and 6.17% H, to the 
4.4% C and 6.23% H 
Not only was it free of sol 


initial analysis mo. of storage over 
14.5% | 
compared theoretical 
values of for anhy 
drous amylose 
vent, but it was also partially retrograded as 
evidenced by the slight turbidity produced on 
dissolving it in IN }% 4 

that the that 


removed by moderate heating was gradually 


These findings 


suggest solvent could not be 


released as the amylose aged over P.Os. 
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Volatile Organic Acids in Pre-ferments for Bread 


IRVING R. HUNTER, HAWKINS NG, anno JAMES W. PENCE 


Western Regional Research Laboratory," Albany, California 
(Manuscript received July 20, 1961) 


SUMMARY 

An ionization-detector gas chromatographic unit was used to analyze the 
acids extracted from a pre-ferment typical of those used in commercial bread- 
making. At least 45 acids were separated as esters on a column containing 
an adipate polyester of diethylene glycol. Seventeen of the monocarboxylic 
acids were identified by relative retention times in free acid form. Their 
identities were confirmed by preparing and separating their esters directly 
by flash exchange gas chromatography. The acids thus identified are: formic, 
acetic, propionic, isobutyric, butyric, isovaleric, valeric, crotonic, isocaproic, 


caproic, heptylic, caprylic, pelargonic, capric, laurie, myristic, and palmitic. 


The recent trend in the baking industry acid was present in very small amounts and 


toward replacing sponge fermentation in was felt by them to have little effect on 
bread-making by procedures using pre flavor and aroma. Johnson et al. (1958) 
ferments has created an increased demand used paper and column chromatography to 
for knowledge of flavor substances produced — separate acids and derivative formation, as 
during fermentation. It is well established well as infrared spectra to identify acetic and 
that the main end products of panary fer- lactic acids in pre-ferments. A third acid 
mentation are ethyl alcohol and carbon di found by them was not identified 
oxide; however, many other compounds are With the advent of gas chromatography, 
formed that have definite flavor values. For the number of acids found increased some 
a complete flavor picture, these must be what. Wiseblatt (1960) identified acetic, n 
determined. Of the many compounds re butyric, iso-valeric, and n-caproic acids in 
leased into the surrounding media by yeast fermented dough, bread extracts, and oven 
cells during fermentation, organic acids can vapors. 
be separated most easily. This, coupled with The present work describes identification 
the observation made in our laboratory that of seventeen organic acids in pre-ferments 
a mixture of organic acids isolated from a_ typical of those used in commercial bread 
typical pre-ferment gave rise on heating to production 
a strong aroma reminiscent of freshly baked 
bread, prompted an investigation into the MATERIALS AND METHODS 
organic acids of bread pre-ferment [he gas chromatographic unit used was a 
\mong earlier investigations on the or Barber-Colman Model 10 with an_ ionization 
ganic acids produced during bread-making, letector cell containing 20 millicuries of strontium 
Baker et al. (1953), using colorimetric and 90. The cell was operated at 220°C and a potential 
titration techniques, found acetic acid. This f 1100 V. The U-shaped column, heavy-walled 
Pyrex glass tubing, 4 mm ID and 8 ft long, was 
packed with LAC 1-R 296 (glycoladipate polymer ) 
\ laboratory of the Western Utilization Re (5 parts) on acid-washed fire-brick (40-60 mesh) 
search and Development Division, Agricultural (95 parts). The column temperature was varied to 
Research Service, U. S Department ot Agriculture. accommodate the type of material being analyzed 
Reference to a company and/or product name \ preheater maintained at 275°C surrounded the 
does not imply approval or recommendation of the inlet to the column. Gas (argon) flow rate was 
product to the exclusion of others that may _ be 100 ml/min, with an inlet pressure of 10 psig and 
suitable. atmospheric outlet pressure. Except in Fig. 1, all 


7/8 





Response, my 


Emergence Time, Minutes 


heating (35-130°C) the ethyl ester 


exch uj } chromatog 


data reported here Hunter ef a 1960 except 
column temperature f solution were concentrated 
Fermentation liquor. A pre-ferment such as used to dryness lyophilizer under vacuum 
in certain methods of bread production was prepared 0.05 


mm 


vy incubating the following mixture aerobically for ganic acids \ regenerated with dichloroaceti 


C while stirring, and centrifuging to acid and arated by gas chromatography as de 
> clear, cell-free liquor scril | (Hunter et al., 1960 The main 
mn features of the flash exchange procedure used for 
2 2) the preparation and separation of the ethyl esters 
+} ] 


~ It 110 ol trie organit acids have also been 

a 

: : Hunter, 1961 However, the following 
Brew improvet 33 


' > modifications were introduced for these analyse 
( ompresse ZéU 


Wat “mK [wenty-two-gauge three-inch-long hypodermic 
ater ) 
needles were used 


used for [he contents of the filled needles were dried 10 


as well as two-inch-long needles 
Organic acids. The carboxylic acids 


comparative purposes were commercial samples min under vacuum (500 mm Hg) at 100° 


All yielded single peaks when tested individually Separations nown and synthetic mixtures 

| . 1 

in the gas chromatographic apparatus. These acids 4 the acids or esters were carried out isothermally 

were used in making up synthetic acid mixtures it several temperatures. Appropriate 
] 


compounds 
ge | . temp mi 
and also in preparing standard solutions of sodium vere selected at each temperature for determina 


) he ntion times ri hes } 
or potassium salts to be used in making syntheti retention times relative to these con 
salt mixtures as described in an e publication 


(Hunter, 1961) 


RESULTS AND DISCUSSION 
Potassium ethyl sulfate. Prepared following the 


. | AR 1917 The lative retention times shown in 

direction of Evans and Albertson (1917) . . ¢ 
lable 1 provide tentative identification of 
Che organic acids were extracted from th “— : . 

' , , is 17 monocarboxylic acids in a pre-ferment 

described cell-free pre-ferment with methylene 


1 


Hideaki: miei peceeeentiel nie welll: aatie eanen Identity of the acids was confirmed by flash 


exchange preparation and chromatographic 


ee ea a a a a separation of the ethyl esters of pre-ferment 
positior 


.° 9 ’ . are dala ti . 
ammonium monohydrogen phosphate 200 Cis and of known acids. Relative 


reten- 
g, potassium sulfate 50 g, magnesium sulfate 25 g, tron times of the esters are shown in Table 
and calcium carbonate 50 g 4 
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Programmed flash exchange chromatog 


raphy of the organic acids in an extract of 


a pre-ferment revealed at least 44 compo 


nents (Fig. 1). These include mono- and 
probably di- as well as other types of car 
boxylic acids, the dicarboxylic acids appeat 
Ing both as mono- and di-ester 

The appearance of the higher-boiling fatty 
acids among the free acids leads to specula 
tion that they may play an unsuspected role 
flavor They could 


hinder the volatility of lower 


in bread and aroma. 
conceivably 
boiling components and increase the time 
required for their evaporation out of bread 
l‘airly generous amounts of the acids between 


were observ ed by 


isobutyric and caproic 
Hunter et al. (1960). 


esting to note that in aggregate these acids 


However, it is inter 


give rise to the delightful aroma that is 


usually associated with baking bread 

lhe odor of the mixture of acids extracted 
from pre-ferments is pleasant, though not 
particularly bread-like until the mixture is 
heated 
the acid mixture gives off a persistent and 


Upon warming over an open flame 


pleasant aroma quite reminiscent of bread 
\ similar faint odor is always noted when 


Relative retention times of aliphatic 


Table 1 


carboxylic acids from a bread pre-ferment and 


synthetic acid mixture 


\ 


Form 
Aceti 
Propionic 
Isobutyric 
Butyrik 
Isovaleri 
Croton 
\ alerix 
Isocaproi 
Caprow 


Heptylic 


Pelargoni 


Capri 
Lauri 
M yristic 


Palmitic 


PRE-FERMENTS FOR BREAD 


lable Relative retention times 


of aliphatic carboxylic acids trom 


ferment and a synthetic acid mixture 


Relative retenti 
Synthetic 
Parent a mixture 
Form 0.11 
\ceti 0.17 
Propionic 0.31 
0.40 


0.59 


[sobutyric 
Butyri 
lsovaleri« 1.00 
Croton 


Valerik 


lsocaproi 
LaproK 
Heptylic 
Caprvylu 


Pelargoni 


Lauri 
M yristic 


Palmiti 


aliquots of the free acids from a pre-ferment 
are injected into the heated entry port of the 


chromatographic column 
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Fatty Acid Composition of Meat Tissue Lipids 


HORNSTEIN, P. F. CROWE, ann M. J. HEIMBERG 


( Manus 


SUMMARY 


The lipids extracted from beef and pork muscle were fractionated into 
triglycerides, cephalins, and a mixture of lecithins and sphingomyelins. The 
fatty acid composition of these fractions was determined, and the possible 


effect of phospolipids on meat flavor was evaluated. 


Cold-water extracts of lean beef and lean is for identification and implies 1 
pork contain desirable meat-flavor pre , lurry was immediately filtered 
cursors. These extracts do not, however, volume of water in a 2-I 
contain any appreciable proportion of the ; stand overnight 


drained and, withot furthe 


lipids present in the lean meat. Lipids, par 
ticularly the phospholipids, are among the ; , 
: ydrous sodiun late, cor 
more unstable constituents of lean meat: 
and Younathan and Watts (1960) have re 


cently suggested that the phospholipids play quantitatively transferred with several ml 


volume on a rotary evapo 


rator at room temperature under partial vacuum, 


a major role in accelerating flavor deteri rofo ared ml Erlenmeyer flask, 
oration in cooked meats. This pape! is con lried on tl rot evaporator ‘esidual solvent 


cerned with the effect on flavor of the lipids noved under high vacuur rhe weighed 
present in lean meat prior to preparation residuc seal Connen in 20 ml of a . chloro 
for consumption. Our studies have there ee eae Serene ee undissolved ma 
fore been made on aged lean beef and lean terial were removed by centrifugatior 

Separation of neutral fat from phospholipids 
by column chromatography. Fifty grams of silicic 
acid (Mallinckrodt AR 100-mesh) heated over- 


night at 130°C were slurried with chloroform and 


pork. The meat tissue lipids have been sepa 
rated into neutral lipids and phospholipids, 
the fatty acids present in these fractions de 
termined, and the possible contribution of oured into a 25% 90-cm column fitted with a 
these fractions to either desirable or unde intered-glass dis« Air bubbles were removed by 
sirable flavor evaluated tirring the mixture with a long glass rod. The 
silicic acid was allowed to settle and the chloro- 


EXPERIMENTAL form drained under slight nitrogen pressure. When 


\« the column was compact and with at least 15 cm 


Extraction of lipids from muscle. pre 


. ‘ ] d bo th h ous sod 
vious flavor studies (Hornstein and Crowe, 1960 % liquid above the interface, anhydrou lium 


Hornstein et al.. 1960b). fresh meat was aged 10 ‘Sulfate was added to form a 2.5-cm-thick layer on 


ays at 36-38°F. Several of the muscles were top of the silicic acid. The column, after washing 
then dissected ind stored at 0 F. As needed, with 300 ml of chloroform, was ready to us¢ The 

eat were thawed, fat was removed. entire lipid sample, containing as much as 1 g¢ of 
and the trimmed muscle was cut into small sec phospholipid and 7 g of neutral fat, was added. 
tions. The extraction procedure was essentially The column was developed with successive 300-ml 
that of Folch et al. (1957). One hundred grams portions of chloroform-methanol 20:1, chloroform 
of the diced meat were blended for 5 min with methanol 1:1, and methanol. Flow rates of approx 
900 ml of cold 2:1 chloroform-methanol (all sol 3-5 ml/min were obtained by applying 5 lb of 
vents are reagent grade and all solvent ratios are nitrogen pressure to the top of the column. Frac- 


v/v) in an Oster blender (mention of trade names _ tions collected were dried as described for the 
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FATTY ACID COMPOSITION 


total lipid traction, and the residues were weighed 


methods. Each fraction was made 


the 


Analytical 
up to 50 ml with 


elution, and aliquots were taken for the determina 


solvent mixture used for its 


of phosphorus, total and amino nitrogen, re 


tion 


sugars, and fatty acid composition Phe 


d s 
vas determined 


1-10 


ducing 


ectrum was also recorded. Phosphorus 


infrar¢ 
after wet oxidation of an aliquot 


Phe 


reduction of 


rhe »sphate 


the 


containing ug of phosphorus. 


formed was measured by phos 


phomolybdate complex according to the procedure 
of Chen et (1956). Total nitrogen was deter 
mined by the micro-Kjeldahl procedure with mer 


' 
<imino nitrogen 


ninhydrin procedure of 


curic oxide as the catalyst. was 


by the \Loore 
and 1948) as 
(1954). Reducing s1 


method used by 


determined 


Stein modified by Lea and Rhodes 


jars were determined by the 


anthrone Radin et (1955) in 


Infrared spectra 


the 


determination of cerebrosides 


were obtained by deposition of a film of ma 


] 


solvent chloride 


The 


intra 


evaporation on sodium 


the 


terial by 
region of 2.5-15 u 
137 


rimimations 


plates and scanning 


instrument used was a Perkin-Elmer 


cord spectrophotometer Fatt wid det 


made on aliquots taken to dryness and con 


100-200 


were 


taining mg of material. Twenty-five ml 
of 0.5N alcoholic 
and the mixture gently refluxed for 6 hr. The con- 
the flask 125-ml 


funnel, 50 ml of water were added, and 


KOH were added to each residue 


tents of were transferred to a 
separatory 
the solution was made acid to phenolphthalein by 
HCl then 


Was 


dropwise addition of concentrated and 


added. The 


successive 25-ml 


1 ml excess solution extracted 


with three portions of petroleum 


ether, and the combined ether extracts were washed 


times with 25-ml portions of cold distilled 


20 


three 


water. At this point, approx mg of n-hep 


tadecanoic acid (recrystallized twice from meth 


anol accurately weighed, were added to the 


solution to act as an internal standard in gas 


analysis of the fatty acid esters 
1960a). The 
as previously described, 


ether \r 


chromatographic 


(Hornstein et al fatty acid methyl 


esters were prepared and 
dissolved in 1 ml of petroleum appro- 


, F 
Chemical analysis o 


Table 1 


lipids 


weak, 


fractions obtained 


rISSUE LIPIDS 


OF MEAT 


priate aliquot, containing approx 500 us 
esters, was used for gas chromatography 
Beckman GC-2 equipped 
the 


conductivity 


chromatograph was a 
detector was a 
ermal Phe 

%4-in OD coiled Cu tube containing 
polyvinylacetate on acid and alkali washed 
sorb R, 15 85 w/w Phe 
was 221° and the He flow rate 100 ml/min. Quan 
based on I 


with a 1l-mvy recorder, and 


4-filament tl column 


unit 


Was an 5-it 


Chromo 


operating temperaturs 


titative resul recoveries of the 


( acid 


ts were 


RESULTS AND DISCUSSION 


Solvent systems. Initial attempts to sep 
arate the phospholipids by precipitation witl 
acetone and magnesium chloride left phos 
phorus in solution. To avoid phospholipid 
losses, acetone precipitation was discarded 
and chromatography on silicic acid used 
(Borgstr6m, 1952). The 
were chloroform-methanol mixtures (Hana 
han et al., increasing the 
methanol in chloroform by small increments 
bands Che sharpest 
wit 
fol 


elution solvents 


1957): percent 
in smeared 
obtained — starting 

(Solvent | ), 


resulted 
separations were 
20:1 chloroform-methanol 
lowed by 1:1 chloroform-methanol (Solvent 
Il), with anhydrous 


methanol Each of the eluted 


eluting 
11) 

a mixture of lipids i 
Solvent | 


finally 


(Solvent 


and 


fractions contained 
which one class predominated 
eluted the nonphosphorous-containing lip 
frac 
of the 


ids. This eluate was collected as two 


tions. Fraction Ia contained 85-90% 
neutral lipid fraction ; collection was stopped 
a heavily pig 
these 


Silicn 


prior to the emergence of 


mented band. Fraction Ib contained 
pigments as well as neutral lipids. 
had refractive 


column 


Solvent | similar 
the 


of Solvent I] 


acid and 
translucent 


the 


indices, and was 


The progress through 


by silicic acid chromatography of muscle 


M 
mponents 


Triglycerides 


ee 1 
positive rriglycerides 


absen Cephalins 


Lecithins and 


strong 


sphingomyelins 
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column caused the column te become 
gressively Just before Solvent II 
broke through, Fraction I] 
the last 150 ml of Solvent II eluted only 
trace amounts of material. Methanol eluted 
the final Further 
methanol. plus 5% water, yielded only traces 


pr )- 
opaque. 
was collected: 


fraction elution with 


of material. This same elution pattern was 
obtained with lipid extracts from both lean 
beef and lean pork. 
Classification of fractions. In 
these 


order to 
extracts from se\ 
The data 


muscles; a 


classify fractions, 


eral muscles were analyzed fell 


into a similar pattern for all 


typical analysis is shown in Table 1. Fra 
and Ib, as mentioned, 


tions la were pre 


and for the put 
] 


further cl 


dominantly triglycerides, 
pose ot this 
terized The weak positive tests tor phos 


study were not arac 


phorous and reducing sugars suggested the 


presence of small 


and 


amounts of phospholipids 
cerebrosides in Fraction Ib. Infrared 
spectra of Fractions II and III] gave typical 
phospholipid spectra (Nelson and Freeman, 
1959; Smith and Freeman, 1959). Without 
standards, slight variations 


pure reference 


cannot be interpreted properly 


and II] 


10.3-4 region (Fig. 1). The 


in spectra 
The 


resided in the 


major difference between I] 


INFRARED RED SPECTRUM FROM LEAN PORK 


Fraction 


Infrared spectrum of Fractions 2 and 3 


Fig. 1 
| 


obtainec 


pork 


Irom 


absence of absorption at 10.3, in Fraction 
II was indicative of cephalins, and the strong 
Fraction III at this 

lecithins 


absorption in wave 


length characteristic of and 
sphingomyelins ( Nelson and Freeman, 1959; 
Smith 1959). Fraction I] 


had the expected 1:1:1 molar ratio of amino 


Was 


and Freeman, 


nitrogen/total nitrogen/phosphorus. How 


ever, cephalins accounted for only about 


CROWE, 
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90% of this fraction since these analyses 
10% The 
test Fraction 
III excluded 


were lower than expected very 


weak for amino nitrogen in 


cephalins except in trace 


Total nitrogen was 1.9% (com 


lecithins 1.7% 


quantities 


parable figures are and 


sphingomyelins 3.0% ). The observed value 


indicated about 15% sphingomyelins in 
Fraction II] 
The phospholipids in Fractions II and II] 


Folch 
of lipopro 


were associated with protein and 


Lees (1951 described a class 


teins that had the solubility characteristics 


of lipids; when dried, even under the mild 


ese lipoproteins yielded an 


est conditions, tl 


insoluble protein fraction he cephalin 


obtained contained about 20% 


Iraction we 


of this material. For example, 


“proteolipid” 
, 1 | t} soht 331 
a typical Fraction Il, weight 301 
dried and then redissolved in Solvent 


50.3 mg of residue remained. Successive 
dryings vielded 8.2 mg and 4.0 mg of resi 


due \nalvsis of this residue showed no 
| raction 
this 


This protein denatu 


phosphorus and nitrogen 
II] typically 


proteinaceot 


contained about 2° of 


is material 
ration is minimized in the presence of fat 


drv 


1 


when taken to 


this 


total extract, 


x hibit 


since the 
did 


as great 


j 


ness, not phenomenon to 
} 
I 


an ex ur analytical data are 


reported on protein-free phos 
pholipids 

Fatty acid determinations. Table 2 
ulates the lipid 
typical samples of beef and pork. In 
204.0% of 
nonphosphorous-containing lipids, and pork 


7.0% 


tab 


fractions extracted from 


gen 
muscle contained 


eral, bee f 


muscle contained 5.0 The phospho- 
lipid content was 0.8-1.0% in beef and 0.7 
0.9% in pork. The approximate composi 


tion of the phospholipid fraction for both 


beef and pork was cephalin 40-45%, leci 
thin 40-45%, 


protein 5-10% 


sphingomyelin 10-15%, and 
Table 3 shows the fatty acid 
composition of the fractions isolated from 


these samples. The absolute recoveries of 


fatty acids in Fractions la and Ib, based on 


90% fatty acid content, were about 95%. 


Recoveries based on 75% fatty acid content 


for protein-free Fractions II and III were 


respectively approx 50 and 80%. In part, 


these low recoveries can be attributed to 


the presence of plasmalogens as evidenced 
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Table 2. Weight in grams of lipid fractions iso- 
lated from 100 g of muscle by chloroform-methanol 


extraction, followed by silicic acid chromatography. 


Beef Pork 


6.6098 


Total lipids 4.5699 


Ni m-phosph« rus 
lipids 5.8615 
Fraction la 

5.4473 


(triglycerides ) 2.8962 


Fraction Ib 
0.4142 


( triglyceride s) 0.6577 


Phospholipids 1.0040 
Fraction I] 
(cephalins ) 0.4330 
Fraction IT] 
(lecithins and 
sphingomyelins ) 0.4990 
Denatured 
0.0570 


proteins 0.0720 


Total recovery 4.5489 (99.50) 6.6077 (99.9%) 


by the formation of 2, 4-dinitrophenylhydra- 
zones of long-chain carbonyl compounds after 
mild acid hydrolysis of these fractions, and 
to the formation of oxidized phospholipids 
shown the ultraviolet 
absorption at approx 235 my and 275 mp 


as by characteristic 
(Lea, 1957). 

The identities of the saturated acids and 
oleic, linoleic, linolenic, and arachidonic acids 


Table 3. 


lean beef and pork. Fractions la and Ib 


lecithins and sphingomyelins. 


Capri 

Lauri 

Myristic 
Tetradecenoi 
letradecadienoi 
Palmitic 
Palmitolei 
stearic 

Olek 

Linolei 
Linoleni 

Eic 
Arachidoni 
Docosadienoi 


Weight of fraction (¢ 


Satrienoi 


Fatty acid composition of lipid fractions 
triglycerides, 


OF MEAT TISSUE LIPIDS 


were established by direct comparison of 
retention volumes of the methyl esters with 
those of authentic specimens. The other 
assignments were based on plots of the log 
of retention volumes versus the number of 
Saturated fatty acid methyl 
those con 


carbon atoms. 
esters fall along a straight line 
taining one double bond along a _ parallel 
line, those with two double bonds along a 
second parallel line, etc. (Hornstein et al., 
1960a). As the number of double bonds in 
the molecule increases, the distance between 
these parallel lines tends to decrease; and 
it is possible, for example, that the “en 
assigned to arachidonic acid may 
The 
tetra- 


velope” 
contain higher unsaturated Cop acids. 
assignment made for tetradecenoic, 
decadienoic, palmitoleic, eicdsatrienoic, and 
docosadienoic should be considered rendered 
highly probable rather than absolute, since 
they were not based on direct comparison 
Table 4 shows the 


with authentic samples. 
fatty acid composition of the combined tri- 


of the combined 


Unsaturated 


glyceride fractions and 


phospholipid fractions. acids 
containing two or more double bonds make 
10% of the triglyceride fraction and 


50% 


up 
about 
however, the actual milligrams of these acids 
contributed by the two fractions are similar 


of the phospholipid fraction ; 


since the ratio of triglycerides to phospho 


lipids is about 4:1 in beef and about 8:1 in 


Irom 


IT] 


obtained 
Fraction 


total acids ) 


Fraction I] 


YG of 


fatty 
cephalins 


(0.4 
4.0 
32.4 
2.1 
0.3155 0.4900 0.3737 


0.4142 0.4330 
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] 
le 


lal 4 


triglyceride 


Fatty acid composition of combined 


fractions and of combined 


Fable 


phospholipid 


fractions from 3 (% of total fatty acids) 


Capri 
Lauri 
\lyristi 


letradeceno 


letradecadienoi 
Palmitic 
Palmitolex 
Stearn 
Ole 


] 


mole 


Kicosatrieno 
\rachid 
Docos 


on 


idienoi 


( 


quantitative ¢ 


amount ot (pos 


i 
nuscle 


large arachidoni 


sible maximum 150 mg per 100 g 


100 g of muscle 


~ 


beef and 100 mg 

by the 
at has no counterpart in the trigly 
lable 
Flavor characteristics. \We attempted 
the heat 


in ) por| 


contributed \ phospholipid Iraction 
tl rice 


> 
Iraction § ( ot 


evaluate iromas developed by 
freshly isolated lipid fractions 1n 
] 


pe 


Phe 
f and pork triglyceride frac 
F 


cephalin fractions 


all 
odors ot the 


trons were respectively reminiscent of “fried 


fat” and “bacon.” The 


ron strong 


both beef and pork produced 
the 


Trac 


odors, 


probably attributable 
of 


to 
arachidonic acid content these 
Phe heated 
fractions from both beef and pork were also 
alike the 


1 
nounced 


Fe 
tions 


lecithin-sphingomyelin 


“fishy” smell less 


the 


mn odor, pro 


than in cephalin fraction and 


suggestive ol 


superimposed on an aroma 


| 
ot pork and beef were exposed to alt 


their odors noted at 24-1 


liver. Total lipid and phospholipid extract 


] 


and 


r intervals. Rancid 


AND HEIMBERG 


quickly 1n these 
\t 
week, the samples were all highly rancid 
Phe od F 


ocd 
the least obje ctionable; 


odors developed more sam 


ples than in neutral fat the end of one 


ot t 


oO! he por k total lipid extract was 


the large amount of 
triglyceride present either dissolved the po 
tent odor compounds produced, thus lower 
1 


— 


- e ~ 
their vapor pressure, or mechanically 


1 


inhibited the oxidation of the phospholipids 
It 
at phospholipids did not 
contribute to desirable flavor it 
| xisted in excessively 


to 


by limiting their surface exposed to ait 


vas concluded tl 


meat and th 
that 
contribute 


the possibility 


lean meat tl 
Phe 
lar to tl 


il d 


also 


( 


ey could poo! 


flavor contribution was 


ibed 


triglyceride 


simi descr (Horn 


(] 


at 


previously 


stein ( 1960 ) color 


total 


rowe, anges in 
were noted in these fractions 


phospholipids darkened tl 
lipid 
ind t 


| any 


rapidly, e 


color slowly, 


] ] 


nowecd 


traction lan more 
] +] 


e 


1 
Cl 
] 

I 


ged 


neutral lipids s ast color 


1 ¢ 
I 


nvestigation 


~ 


paration 


itral fat and fatty a 
25, 101 


lipides 


226 


9, 


Dittmer 


chroma 
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SUMMARY 
Cornstarch sols (2%) were prepared at a series of gelatinization tempera- 
tures (80-127°C) and stored at 1, 37, and 70°C. At 1°C storage, retrogradation 


was slower as the temperature of gelatinization was greater. 


At 37°C storage, 


no retrogradation occurred in samples gelatinized at lower temperatures, and 
solubilization took place in samples gelatinized at higher temperatures. At 
70°C storage, solubilization occurred in all samples, but more rapidly as the 


temperature of gelatinization was greater. 


that 
gradation (i.e., decreasing solubility and in 


It has generally been found retro- 
creasing crystallization) of a starch paste is 
more or less inhibited at holding tempera 
tures in the vicinity of 60°C and that it tends 
to be accelerated with decreasing temperature 
(Katz and Rientsma, 1930; Katz and Weid 
inger, 1934; Maquenne, 1903, 1904; Whist 
1954) 
(1941), however, retrogradation is the same 
r¢ 


ler, According to Lampitt et al 


at 37°C as at 62°C in 2% pastes of fractions 


of thoroughly milled wheat starch; and at 
lower paste concentrations, retrogradation at 
21°C is equal to that at 37 and 62°C 
of Lampitt et al. (1948) 
similar with potato starch fractions. Like 
wise, Hull and Schoch (1959) showed little 
difference in solubility between starch films 
dried at 80°C and dried at 30°( 

Sterling (1960) recently reported that 13% 
starch gels held at 70°¢ 
those held at 


rhus, there are clearly discrepancies in re 


Results 


were essentially 


’ 
those 


become less disper 
sible than room temperature 
ports on the role of storage temperature in 
retrogradation 

\ few 
relationship of retrogradation with temper 
ature of gelatinization. Maquenne (1904) 
showed that retrogradation in pastes of po 


studies have been directed to the 


tato starch was less in those gelatinized at 


120°C than in those gelatinized at 110°C 


This study was supported in part by the U.S 
Public Health Service, under Grant RG-5726. For 


this help the authors are truly thankful 


110°C than 
( omparable 


and less in those gelatinized at 
100° ¢ 
findings were reported by van Itallie (1930), 


in those gelatinized at 


who stated that, with gelatinization tempera 
tures of 120, 100, and 65°C, retrogradation 
was greater the lower the temperature. No 
other systematic studies have been per 
formed 
jecause of this fragmentary or contro 
versial state of knowledge, it was believed 
fruitful to explore further the relation be 
and the retrogradation 


tween temperature 


of starch. Both temperature of gelatinization 
and temperature of storage are variables in 
The authors have elected to use 
material and to 


this study 


2% cornstarch sols as raw 


measure retrogradation by the sensitive tech 


niques of cold-water solubility and enzy 


matic digestibility. To some extent, a new 


X-ray 


€ ssaved 


diffraction method has also been 


MATERIALS AND METHODS 


Slurries were made of 2% native cornstarch in 


water, neutralized to pH 7 with ammonium hy 
droxide. The starch was gelatinized by heating the 
slurry for 10 min in a round-bottom flask equipped 


( This 


it possible to prevent the forma 


with a stirrer, condenser, and thermometer 
arrangement made 
film. ) 

100°C 


tion of a surface The heating 
were 80, 90, and When the 
used were higher than 100°C (110, 120, and 127°C) 
100°C in the 


temperatures 
temperatures 
above 


the slurries heated to 


flask and 


were 
lescribed immediately transferred to an 
The additional heat 


110 and 120°C, and 


autoclave for further heating. 


ing periods were 10 min for 


30 min for 127°C 





90 100 10 120 130 


GELATINIZATION 


ifferent ten 





DISCUSSION 


o the discu 


ME day 
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tion temperature the more dispersed are the 
starch molecules, which eventually become 
free in solution (cf. Katz, 1928). Thus, it is 
justifiable to imagine that the starch mole- 
cules can associate in a much shorter time 
when they are closer together than when 
they are farther apart. Moreover, when 
micellar regions are already present, aggre- 
gation proceeds faster: Holl6 et al. (1959) 
have shown that the presence of such crystal- 
facilitates renewed molecular 
starch sol is cooled, in 


domains 
association when a 
the manner of crystalline nuclei in’ super 
saturated solutions. 

In this way, starch gelatinized at lower 


line 


temperatures will aggregate more rapidly 
than will starch gelatinized at higher temper- 
atures. The common level toward which all 
solutions would be tending is perhaps the 
original state of association within the starch 
grain—hence the validity of the term “retro 
gradation.”” Note that a sort of “lag” 
exists for the sample gelatinized at 127° 

This may be the period necessary for nucle 
ation reach a_ stable and 
thereby initiate rapid crystallization. 


peri rd 
size 


centers to 


18 





DENSITY 


OPTICAL 





TIME (days) 
held at 


after gelatinization at different temperatures 


Soluble starch content in sols 


Fig. 4 
37°C. 
iodine 


as indicated. Soluble starch determined via 


adsorption of the supernatant material. 


RETROGRADATION OF 


STARCH 


When the sols are held at higher storage 
temperatures, the same order of the effect of 
gelatinization temperature obtains. In the 
storage temperatures used here, the ranking 
of gelatinization temperatures from higher to 
lower values is related to decreasing disper- 
sion or decreasing solubilization during stor- 
age. It is evident that, in agreement with the 
data of earlier workers, little retrogradation 
fact, a 
docu- 


occurs during storage at 37°C. In 


slight solubilization effect has been 


mented. 


is 


(y/mi.) 
¥ 
° 





IN SOLUTION 


STARCH 


“12 +16 2 


TIME (days) 


Soluble starch content in sols held at 


after gelatinization at different temperatures 


HC] 


(Limit of 


as indicated. Soluble starch determined via 


hydrolysis of the supernatant material 


sensitivity of method is at upper edge of graph 


At 7ZO°C 
solubilized 


all samples become more and 
(1904b) re 


ported a similar effect with partially retro 


Maquenne 


more 
graded starch pastes. Katz (1928), however, 
stated merely that at 60°C there is no retro 
()bviously, effective hy 
rupture 1s the 
Katz and Weidinger, 
others 


gradative tendency 
drogen-bond occurring in 
at 70°C (cf 
(1905) 


starch sol 
1934). 
that this could take place only at significantly 


Roux and believed 
higher temperatures, at which, however, the 
possibility of hydrolytic scission of the gluco 
sidic linkages is greatly enhanced 

from those 
Sterling 


These results differ markedly 
of Hull and Schoch (1959) 
(1960). The discrepancy is possibly due to 


and 


the fact that the latter observers worked with 
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much more concentrated systems. When Holl szejtli, and G. S. Gantner. 1959. In 

the tigation of the retrogradation of amylos« 

Polytechnica $, 95. 

: . > and T. J. Schoch. 1959. Molecular asso 

crystallites is near-A (C) or A (Bear and aa “ inte : sera aie dia 

. Starch hims I , 498 

French, 1941 ; Katz and Derksen, 1933; Sait 1930. Bijds le ik ad 
oe | 3 sijdrage ot de K€ S 

‘etzer Y * Ster oO OO) his 16 
and Fetzer, HF é terling, nw). Chi ; a \ Stijyts ling n retrogradati van zetmeel 


in agreement with the evidence that 4-starcl peerage Sf ee Rontgenspectrographie 


concentrated starch systems are heated, 


X-ray diffraction pattern of the resulting 


has a lower degree of hydration than does 
B-starch ( Badenhuizen, 1959; Hellman et al ilb and C. Sterling. 1961. Role of hydro 


1954) \lso, according to Badenhuizen ren ion concentration in  retrogradation of 
J. Applied P mer Sci. (in press) 


(1959), starch that is associated in A-crys ipplied | 
tallites is more rigid and swells less than the 28, Gelatinization and retrograda 
same starch in B-crystallites. This concep ovsing - ae 2 = 
tion will explain the discrepancy noted above taling. In A . NGTERERETS SUEVES Ot 


| 1 . 1: Starch Chemistry” (R. P. Walton, ed.) Chem 
as well as } resuits I nl rge and t 
i ell l the r Its of Whitte oe tnd talog Co., Inc., N. ¥ 
Nutting (1948) with potato starch heated in ; watlraliecl 
> : 1930. Abhandlungen zur physikalischen 
cence CO te sture ' ' > 
the presence « f limited moisture 7 der Starke und der rotbereitung. I 
\n_ additional possibility, of probably Uh (Anderungen im Rontgenspektrum der 
soluble amvylo rl beim Backen und im Altbacken 


pectin-amylose ratio increases continuall) erden des Bro a. pi hem. Leipzig 


lesser consequence, is that the 


witl creasing ye latinization§ te mperature 


J. ¢ Derksen. 1933 A bhand 
i ophysikalischen Chemie der Starke 
Brotbereitung. XII. Uber die Um 


m Starkepraparaten mit Kartoffel 


(or increases at a higher storage temperature 
the time of storage increases ) Thi I 


sult could presumably bring about a concomi 


V 


tant retardation of molecular association in a DOE 


Spektrum) in solche mit 
RS 1 ' 1 effe 7 eco), ] meer ’ 

olution—if_ the ffect of dissolved longer izenstarkespektrum (.4-spektrum) und un 

amylose chains did not work in the opposite er , physik. Chem. Leipzig A165, 228 
direction. However, it is to be recalled that — R., and L. M. Rientsma. 1930. Abhand 


amylopectin molecules also do participate in lungen zur physikalischen Chemie der Starke 
retrogradation (Schoch, 1952), and henes nd der Brotbereitung. II. Die Starke-Modif 
may not exercise a marked hindrance to that katior i Spektrum ( Verkleisterungsspek 
process (at least in the proportions present rut I hoéherer Temperatur die Gleich 
in corn starcl ichtsform, bei niedriger Temperatur ist es 
ie Modifikation mit B-Spektrum (Retrograda 
tionsspektrum Z prnvs ( ’ ] psig 
\150, 60 
J. R., and A. Weidinger } \bhandlunger 
tarch = granuk ; / ur physikaliscen lem irke und det 
reitung. XXI\ Uber die Hemmung, 
as rontgenspektrographische Retro 
von Starkekleister und Starkelosur 
Warme erfahrt. 4 bhysik. Chemu 
\171, 181 
1 H.. C. H. F. Fuller, and N. Golden 
2298 erg 1941 Che fractionation of wheat starch 
R. Senti Il. Retrogradation of starch solutions. J. So 
Molecular I 1. 60, 175 
ation of starcl pon aging of concet amp F. Fuller, N. Goldenberg, 
starch gels % al moisture levels and { f 1948. The fractionation of 
Chem. 31, 495 potate The retrogradation of po 
P. H., and A. Weidinger. 1949. Det Ss Chem. Ind. 67, 
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Zellulosefasern aus Rontgenstreuungsuntersucl | 1903 Sur la retrogradation de 
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of Temperature and Holding Period on Some 
Physical and Chemical Characteristics 
of Lemon Fruits ' 


IRVING L. EAKS 


SUMMARY 

Changes were followed in fresh weight, juice content, soluble solids, total 
acidity, and ascorbic acid of lemon fruits during 4, 8, and 12 weeks at 4, 13, 
and 24°C and after 3 and 14 days at 24° € following 4, 8, and 12 weeks at 
ft and 13°C, Juice content, soluble solids, and total acidity increased during 
storage. The increase was greatest for fruit held at 24°C and least for fruit 
held at 4°C. Upon transfer to 24°C from 4 and 13°C, all three constituents 
increased. Changes in ascorbic acid in the lemon fruit do not appear related 
to the mechanism of chilling injury, but the losses observed in chilled fruit 
when transferred to 24 C were secondary, probably associated with symptom 


development. 


INTRODUCTION ive temperatures, particularly in the chilling 
lemon crop orbic acid has been discussed in 
elation to chilling injury tor other crops 
With bananas (Harris and Poland, 1939 
pineapple (Miller, 1951; Miller and Heil 


1952 


he commercial 
lemon truits are store 
s periods, depending on thet 


] | 


mat 
tion and market demands. Lemon fruits are nan, 


ind sweet potato (Lieberman 

; a) 1O52 1050 | . _—— . 

normally harvested by size rather than color t7IG, 7d a loss ot ascorbic acid has 
} - « ] » 

or maturity. In addition, this storage period een associated with chilling injury. How 


is desirable because lemon fruits do not pro hanges im ascorbic acid content of to 
duce the maximum amount of juice or the 


eed] hilliny IT} ft ; 195 
highest quality of juice when picked, but iry (Craft and Heinze, 1954) 


uits did not appear to be related to 


require conditioning to develop color, juice Reported here are observations on some 
content, and flavor. The literature on storage physical and chemical changes occurring in 
conditions and changes in the lemon fruit [emon fruits during 4, 8, and 12 weeks of 
during storage has been reviewed ( Bartholo storage at 4°, 13°, and 24°C and during 3 


mew and Sinclair, 1951; Miller, 1946, 1958; nd 14 days at 24°C following 4, 8, and 12 
: 


al 1951: Wright et al 1954) weel at 4° and 1 ( 


Rose et a 


In general, the optimum storage conditions MATERIALS AND METHODS 


and some of the physical and chemical ae “ae lt Deh ae 


anges occurring in lemon fruit during = Eyreka lemon fruits | us limonia Osheck) wer: 


storage are known (Bartholomew and Sin btained from com ial packing houses 


clair 1951: Miller. 1946, 1958: Rose et al coastal and interior lemon producing 
1951; Wright et al., 1954), whereas compo torn he bulk supply from eacl 
sitional changes in relation to storage tem random samples 
pe \ have not been fully evaluated O}1 placed in paper 
= the nfl nce of lower sto1 lemon storage box and 

area that 


treatments 
times Che 


12 weeks 





HOLDING PERIOD ON 


and 14 days :% these fruits showed signs of physiological 
S I ¢ S 
1] : } 1 ‘ 2 —— . . 
following 4, 8, and 12 w at 4 and 1 breakdown in the form of membranous stain 
storage temperatures cover the ang om 10W and pathological decay from llternarta 


cemperature (7), report ee \bout 25% of the fruits held 14 days at 
Paes rage ee » to mareen® 24° after 12 weeks at 4°C had a translucent, 
ao cease reais wate! soaked appearance when cut 

Ss i ala Weight loss is considerable during the 


] 


1 st weelcs » i - 1 . 1 
vas peeled and the peel and pul t 4 weeks, when the turgidity of the rind 


separately. Characteristics investigated wer a) ap We c ig accordance 
pearance, both internal and external; b) 1 ciden¢ previous expe rience 


of decay: c) fresh-weight changes of the whol vas a function of the va 
fruit, rind, pulp; d) amount of juice reamed llowing transfer from 


from the fruit; e) soluble solids in the juice, ie fruits lost weight ray 
; | 


oe acidity (Stewus and B 939 pet 
for acidity evens and Baier, 1 ‘r which the 


f) total titratable acid expressed as 


citric¢ acid: v pH: h ascorbic acid 


1 
| 


paralleled hat of 
at 24 * ( Fig. 1) 


he increase in juice content aft 


the juice, rind, and pulp excluding sé 


colorimetric method (Loeffler and Ponting, 1942 
P . s arious storage treatments 1s Ilistr 
and i) dry weight of the rind and pulp trou orage treatment ilustr 


1 
} 


; » a ae 
obtained made possible tl tl mi 5 ] (pressing the results as 


le expression ot 
é 1 r 

cal composition either as a concentration, based ot : LUO grams of original 

] 


emons, the actual chang 


nal fresh or dry weight, or on a_ per-tfruit he amount juice reamed f 


the fresh or dry weight at sampling 


basis. The data for the fruit from the two areas were determined. Many reports 
n 9 ly tat d cor . 
were combined, obviating unwieldy tal an pressed the results as percentage juice based 


fusion in the figure The resu i] on the fresh weight of the fruit at the time 
relevant hen based on concentration 7 . . 1 , 
cen of sampling. On th : the percentage 


juice rez d from the att _& 


nal fresl veight of the fruit 
recnlts hased on dri veights < on 
ult ast n dry weight oT na 12 weeks at 24° 3G 
would have been redundant Change si . Bx: we ty os 
— P IW) ar ] 50 
dry weights of the rind and » Alla Oo 


“yoht | 1} 
juice are not presented, sin veight loss 


not appear pertinent to the discussiotr atistical In juice content 


inalysis, according to accepted techniques lhe SOUTCE ol 


plied to the data: confidence lit shown juice las been the top ( 
the figures and tables cu T he grams change 1 
. . — original fresl weight of the fruit in 
RESULTS AND DISCUSSION , : ‘ tn 
fruit, 1 : Ip, and juice 
The selection of quality fruit, caretu at th: majority of this inet 


handling, and clean storage conditions did jyice is derived from changes witl 


much to suppress decay during storage tissue and not a movement of water 


the nearly 18,000 fruits involved, only 3: pulp from the rind, as previously reported 


decayed (Penicilliun spp. ) Most of these (Van der Plan t al.. 1940 


NK ¢ ( 


were in samples held 3 and 14 days at 24° ‘ase in pulp weight did occur it w 


as not 
that had suffered chilling injury from 12 uff to account for the increase in juice 
weeks at 4°( Corrections accounting for ase in soluble solids as percent 
the decayed fruit were applied to the other f the j » (Fig. 3) and grams per 100 ¢ 
data collected of original fresh wet of the fruit (Fig. 4 

External appearance remained good witl reflect the change in concentration (Fig. 3) 

treatments except for the fruit held 3) and >» increase in total solids available in 


) 


vs at 24°C after 12 weeks at 4°( 


in addition to decay, it began to show sur Figs 5 and 6 respectively give the changes 
face pitting, a dull appearance, and dis in percent total titratable acid as anhydrous 
coloration of the buttons, indicating loss citric acid and the millequivalents of titratable 


vitality \lso, the internal appearance . acidity in the juice per 100 g of the original 
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WEEK IN STORAGE 


igs. | 1) Weight 
id 14 days at 24°C following 4 


100 2g 


6 loss of lemon truits 


5 weeks 


, and 12 


OF\W 


as des 


ms original fresh weight ot 


per 


solids the alter storage 


OF\ 
the 


In juice (percent) 
Fig 


1. 


of fruit) after storage as described for 


for Fig. 


I ig. 1 


as described 


de S¢ ribed 


juice alter storage 


a fruit) iter storage as tor 


7 he 


dect eased 


fresh weight of the fruit 
held at 4°¢ slightly 
the percent acid at 
13°C remained essentially constant and fruits 
l at 24°¢ 
In percent acid However, upon removal to 
24°( 4 and 13°¢ 


increase in the percent acid 


percent acid 
in fruits 


whereas in fruits held 


hel showed a progressive increase 


from there was a marked 
The increase in 
concentration of acid as shown by the per 
cent acid and the increase in juice content 
a) a considerable increase in total 


held at 24°¢ 
moderate increase in fruit held at 13°¢ 


results in: 
acid available from the fruit 
b) 


>) 


during 


ribed for 





100 GM. OF W 


JUICE PER 


GM 


GASOL. SOLIDS PER 100GM OF Ww 


ME. ACID PER 100 GM. OFW 











WEEKS IN STORAGE 


8, and 12 
13° ¢ 


4s 


line ) 


and 24°C, 
2) Juice obtained 
Fig. 1. 3) Soluble 
(grams 100 


weeks at and after 
(broken 


as described for 
Soluble 


4 
at 4 


truit 


and 
alter storage 
Fig. 1. 4) g 
1. 5) Titratable acid (percent anhydrous citrus acid in 


6) Acid 100 g OFW 


solids per 


in the juice (millequivalents pet 


and c) essentially no change in fruit held at 
HC (FI 


lhe changes leading to increases in 


g. 6) 
juice 
content, soluble solids, and acid augment the 
culinary and processing value of the lemon 
fruit. Most processors of lemons pay accord 
ing to the amount of acid per ton of lemons 
the 
of 


Likewise housewife is interested in a 


maximum high-quality juice. Lemon 


fruits entering fresh-fruit channels frem 


storage (13°C) are exposed to temperatures 
near 24°C during wholesale handling, in the 
retail store, and in the home to bring about 








596 EFFECT OF TEMPERATURE AND HOLDING PERIOD ON LEMON FRUITS 
lable 1. Fresh-weight changes of the whole lemon fruit, rind, pulp, and reamable juice 
during storage for 4, 8, and 12 weeks at 4, 13, and 24°C per 100 grams original fresh weight 
(OFW) of the whole lemon fruit 
Storage conditions Change r OFW 
lemperature Duration Whole 
C) (weeks) fruit Rin I J 
Initial weight (2/100 g) 100.0 40.7 59.3 35.9 
4 4 »Y - 0.6 0 
x 5.3 4.9 0.4 1.1 
12 6.0 6.2 0.4 0 
| 4 3.9 4 0.4 3] 
8 6.2 Yi 1.3 7.1 
12 8.1 10.2 2.1 8.8 
24 j 19 19 0.0 5.6 
R 6.7 R.8& 21 RY 
12 8.8 11.3 2.5 11. 
LSD O5 0.7 0 OS Of 
Ol 09 OLX ().7 O® 
sufficient additional changes to give good original fresh weight increased for fruit held 


quantities and quality of juice. The changes 


reported here in Figs. 1, 3 and 5 are in gen 


eral agreement with previous reports and 
reviews (Bartholomew and Sinclair, 1951; 
Miller, 1946; Van der Plank et al., 1940 


However, previous reports have normally 
expressed the results in terms of concentra 
tion or based upon the fruit weight at the 
time of sampling. Thus, it is difficult to de 
termine quantitative changes 
data in terms of quantities per unit of orig 
inal fresh weight of the fruit (Figs. 2, 4, 
and 6) presents the actual changes directly 


I’xpressing the 


Changes in the ascorbic acid (vitamin C) 
content of the juice, pulp, and rind of the 
fruit nutritionally as 


well as phy siok ically 


interest 
The milligrams of 


lemon are of 


ascorbic acid per 100 grams of juice ( Fig. 7 
shows a considerable loss for fruits held at 
24°C and, to a lesser degree, for fruit held 
at 4°C held at 13°C 
the concentration of 

the juice The 
centration in the juice from fruits 
and 13°C to 24°C showed small but 


changes, 


Fruits maintained 


about same ascorbic 


acid in ascorbic acid con 


moved 
from 4 
those 


W hich shi we d 


nonsignificant except for 
fruits held 12 weeks at 4°C 
i drastic loss of ascorbic acid 


the 
iscorbic acid per 100 grams of original fre 


Expressing data as milliorams 


weight of the fruit (Fig. &) presents a 
completely different picture. The total as 
corbic acid found in the juice based on the 


at 13 and 24°C and remained essentially con 


stant for fruit held at 4°C. The changes after 
transfer to 24°C from 4 and 13° were sim 
ilar to those described for the concentration 


(Fig. 7) 


The concentration of ascorbic acid in the 
edible is ( Fig Y) 
was constant during the experimental period 
3 and 14 


pulp of fruit held at 


\lso, little change occurred after 


days at 24°C following storage at 13°C. The 
pulp of fruit held at 24°¢ showed small 
losses nm ascorbic aC id concen 


progressive 


tration after 4+ and & weeks, followed by a 


ascorbic i¢ id con 


12th weeks 


decre ase 1 


Sth and 


considerable 
centration between the 
Che ascorbic acid concentration in the pulp 


of fruits held at 4°C remained at essentially 


the same level after 4+ weeks, but showed 
progressive losses from the 4th to 12tl 
weeks. After transfer to 24°C from 4 and 
13°C, only minor changes occurred in the 


ascorbic acid concentration of the pulp, ex 


ce pt tor 


the samples held 12 weeks at 4°¢ 
WU here a considerable loss was obse T ved | | ¢ 


concentration of ascorbic acid in the 


(Fig. 7) and in the pulp (Fig. 9), in gen 


eral, demonstrates similar trends during 


storage 


The translucent appearance of the pulp of 
thout 25% of the fruits held 12 weeks at 
1°C and then 14 davs at 24°¢ was men 
tioned previoush This observation indi 
cated that two additional samples should hh. 
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lescribed for Fig. 7. 9) Ascorbic acid in the pulp 
Fig. 7. 10) Ascorbic acid in the pulp (mg per 100 
11 Ascorbic acid in the rind (meg per 10 ot ri 


icid in the rind (mg per 100 g OFW of fruit) after 
iken Lee rdingly, after all fruits in each 
sample had been sampled for ascorbic acid, 


he normal procedure, a sample was taken 


from the pulp of the healthy-appearing fruits 


ind from the pulp of the translucent-appeat 
ng fruits; the li 


respective milligrams 


acid pet 


average 
100 grams of pulp were 
The healthy 


a small amount of as 


I ascorbi 


(range ] 15) appeal 


pulp had lost only 


corbi aC 1d whereas the translucent. wate! 
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WEEKS IN STORAGE 

é g per 100 @ ju after 4, 8, and 12 weeks at 
) ge 4+ & 12 weeks at 4° and 13° broken 
ginal fresh weight [OF W | of fruit) after storage as 
per 100 lp ifter storage as described for 
OFW of fruit) after storage as described for Fig. 7 
itt torage as described for Fig. 7. 12 \scorbic 

rage as described for Fig. 7 


} 
t 


soaked-appearing pulp had lost more than 
SO% of its ascorbic acid during the 14 davs 
at 24°C following the 12 weeks at 4° 


Phus, the normal sampling gave only a modi 
hed picture of the true situation 
graphic illustration of the selectivity of chil 
fourths of similar 
of 


dis} laved several 


, 
Ing myury hree 


showed no chilling injury 


symptoms 


whereas the remainder 


(internal discoloration. loss of 


ymptoms 





598 EFFECT OF TEMPERATURI 
semi-permeability resulting in the translucent 
appearance, susceptibility to decay and break- 
down, and, secondarily, loss of ascorbic acid ). 

The rind of the lemon fruit contains much 
higher concentrations ( Fig. 11) and amounts 
(Fig. 12) of ascorbic acid than the pulp or 
juice. The increase in ascorbic acid concen 
tration in the rind during storage at 4 and 


Ke 


it was thought that this was not actual syn 


(Fig. 11) was not expected. At first 


thesis or a real increase but a reflection of 
water loss from the rind. However, when 
based on the original fresh weight of the 
sample (Fig. 12) it was found that ascorbic 
in fact, increase during 
under The 
content of the rind of samples held 16, 20, 
and 24 he & 
decrease to about the initial level by the 24th 
week. At 24°C 
progressively 


+? 


13> 4 


storage 
] 


acid doe S, 


these conditions. ascorbic aci 


weeks at showed a gradual 


the ascorbic acid decreased 


Upon transfer from 4 or 
the ascorbic acid content decreased 
all cases of those chilled (12 weeks at 4°C), 
again showing a drastic loss in ascorbic acid 
For those fruits that were not chilled the de 


crease in ascorbic acid might be expected 


there to be two conditions 


present depending upon temperature, 1.e., at 


since appears 
+t and 13°C ascorbic acid appears to accumu 


late during storage, whereas at 24°C ascorbic 
acid decreases 
These data definitely indicate t 


destruction of ascorbic acid is not the 
phase in the development of low temperature 
Miller and Heilman 
from their studies with pineapple 
held 12 weeks at 4°C had 


suffered chilling injury yet the ascorbic acid 


1 
as suggested by 


lemon fruit 


content remained near the initial level ex 
cept in the rind, 


| ol 


Was mserved 


actual increas 
to 24°C the 


symptoms of chilling developed (internal dis 


where an 


pon removal 


z : 
coloration, surface loss of semi 


pitting, 
resulting in a translucent an 


the 


permeability 


pearance and ascorbi acid content 


decreased. This resembles results with pir 
apple ( Miller, 


$8 hours at 5 ¢ 


195] Pineapple fruits chilled 


and ripened at room tem 


1 


perature contained essentially the Same 


rbic acid as fruits rip ed 


amount of as 


without chilling. However, pineapple fruits 


with physiological breakdown (presumably 


AND HOLDING PERIOD ON LEMON FRUITS 


as the result of chilling injury ) had less than 
80% as much ascorbic acid as healthy fruits, 
which is similar to the chilled lemon fruits 
lhe ascorbic acid content of pineapples was 
about 40% less in those held 7 days at 6 ( 
and 2 days at room temperature than in 
those held 2 days at room temperature ( Mil 
ler and Heilman, 1952). Since the ascorbi 
acid content of the pineapples was not de 
the of the chilling 


period, the decrease observed two days later 


termined at end 7-day 


cannot be considered as the first phase in 
the development of chilling injury 
\lthough, from the data presented and the 
discussion, changes in ascorbic acid did not 
appear to be associated with low-temperature 
injury in tomatoes (Craft and Heinze, 1954), 
a fruit whose chemistry is somewhat similar 
to that of the lemon, certain analogies appeal 
between the data on tomatoes and the data 
for lemons presented here. The ascorbic acid 
content of chilled 
(19-22 days at 65°F 
32 and 40°F 


be similar in degree of injury and response 


tomatoes after ripening 
after 4 and 9 days at 


) showed little change and may 


to the 4- and &-week exposure for lemons to 
3B However, the tomatoes held 14 
at 32 and 40°F 


18 days at 65°F 


days 
were reported decaved after 
Had 


fruits been analyzed periodically, 


samples of these 
beginning 
immediately after transfer to 65°F, the re 
found 
after 12 


,a rapid decrease in a 


sults may have been similar to those 


for lemons upon removal to 24°( 


weeks at 4°C, te scorbic 
acid as the symptoms of chilling deve loy 
Sweet (Lieberman ef a/., 1958, 


1959) 


potatoes 


maintained ascorbic acid at the non 
the cl illing 
lost 


and maintained or in 


chilling temperature but lost it at 
temperature. [Lemon fruits, in 
ascorbic acid at 24°C 


creased it at 4° ¢ 


contrast, 
Hlowever, after a chilling 


exposure that resulted in chilling symptoms 


t 


la 
’ - 
/ 


5 C ) the sweet potato (| 1eber 
like after 12 


showed a marked dec rease 1n 


(Oweeks a 


man et al., 1959), the lemon 
weeks at 4°¢ 
ascorbic acid at the nonchilling temperature 


acid in the lemon fruit 


related to the 


Changes in ascorbic 
mechanism 
changes of chilling injury lhe 
j chilling 


associate d 


do not anpear to he 
or initial 
loss of ascorbic acid after a severe 


exposure is secondary, probably 


with the symptoms that develop 
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Probable Identity of the Pectinase Inhibitor in Grape Leaves 


WILLIAM L. PORTER ann JOSEPH H. SCHWARTZ 
} t \ ronal Nesear La rat " Philadelphia 18, Penns mta 


THOMAS A. BELL anp 


leermentation 1 rato? 
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SUMMARY 


Studies were continued on the chemical nature of the water-soluble sub- 
stance in Muscadine grape leaves that was previously reported as inhibiting 
pectinase and cellulase. The inhibitor is a tannin or tannin-like material, 
removable from leaf extracts by hide powder, caffeine, gelatin, and nicotine 
sulfate. Museadine leaves had the highest inhibiting activity of the plants 
tested. 


INTRODUCTION hat the reaction between pectinase, sul 


lhe Importance in cucumber brining o! ate, and inhibitor was that of competitive 
the softening problem caused by enzymatic 
degradation of cell wall pectin was discussed lect 1 ymes are de stroved by 
by [Etchells et al. (1958a,b). Thi ZVI protein denaturants 


“| ‘ 


uso reported studies showing that the heat, heavy-metal It 


Sali ld, 


l l pectinase literature an 
cucumber flowers before they rea pounds 
ining station... Many of these flowers mm: le were reported ¢ ng inhibitor 
remain attached to the cucumbers when : work, wever, did not confirm the 
brined. Bell and [tchells (1958) and Bell — earlier findings on the latter two compound 
| 


{ ee | + 
1953) studied 


al. (1960) reported in Muscadine grapes ahman and Joslyn | 
Scuppernong variety) a factor that inhib » usual inhibitors sucl 
ited pectinase and cellulase activity acid, mercuric chloride, sodiun 


leaf inhibitor was found by azide, sodium fluoride, ammonium arsenate 

(1958) to be water-solu and sulfur dioxide against purified polygalac 
dialyzable through a turonase (pectinase) and concluded thi 

and not complete I]y 


ly Tally resistant ( 


or concentrated am lig v attected by these compound 
also tou that 1 Naturally occurring inhibitor 


activity Wwa \ previously report 


concentratio1 ec ym nhibitors 


Kneen and 


and Miller and Kneen 
Weurman (1953) Was 


thermolabile inhibitor 
he precipitated from pear sap with acetone 
\lany investigators have demonstrated the 


j 
} 


enzyme _ activity by 
(1954 reported th: 





inhibited 


he natural tannin 
the plant. The imbibition 


adding a slightly chromated hide powdet1 


content 


was eliminate 


Caneghem and Spier 


1955 
phosphotungsti 


thiazole vell 


MATERIALS AND METHODS 

i iri Plant materials 
\ p t , )] hibited tl 
I a i . ’ . 
of hvaluronidase 


I 


R . 
(1Q855 


Extractions 


Enzyme solution 





noire 


RESULTS AND DISCUSSION 


Influence of concentration of grape leaf 
on inhibitory power of extract. l’ort 

] : » lea . { \lu ise 

a aves ( \lLuscadine 


1 7 11517 
t1o1 oO! eat materia er mullite 


agent 
Re nship of type and quantity of tan- 


latio 
nin to inhibitory power of plant extracts. 


ihe pre ] tinase inhi t m1 





PORTER, SCIIWARTZ, BELI 


lable 1. Inhibitory activity of plants < d to tannin content 


Muscadine 


indicated 


pacity 


Influence of extractant on the inhibitory 
rower of the extracts. A sample of Seup 
: Miceieaih 





ater extract gave 95% inhibition, and the In a preliminary gel filtration resolutiot 
two alkaloid extracts gave no inhibition. Ad with Sephadex G-50 (Pharmacia, Uppsala, 
dition of caffeine to the water extract fol Sweden), a grape leaf extract indicated 5—6 


lowed by centrifugation gave a solution pro compounds, represented by elution peaks, 
ducing no inhibition. Caffeine and nicotine as shown by the activity of the fractions as 
sulfate alone had no influence on the rz inhibitors of pectinase. Ferric chloride tests 
of viscosity change due to the enzyme | on the individual fractions indicate a close 
tion of gelatin to the leaf sample while e correlation between the polyphenol content 


tracting with water gave an extract ving ud the inhibitory activity. Since the peaks 


no inhibitory power were very quickly eluted from the column 


Influence of treatment of water extracts | ust be assumed that the active com 
on inhibitory power. The dialysis experi- ponents were of relatively high molecul: 
ments of Bell and Etchells (1958) were weight nN that multiple | 
repeated in more detail \n extract of tivity were obtained indicates 


Scuppernong grape leaves was prepared molecular weights 


and diluted tc a concentration of 2 mg \ll of the experimental work on 


leaf ml. This concentration produced 80% lation annin to inhibitory activity—re 
by 1 gvelatit 
dialyzed with stirring against distilled water and alkaloids; dialysis ; ion-exchange studies 


11cle powder, 


inhibition before dialvsis. The extract was moval of activity 


for 2 hr, with four changes of the water both on natural extr ind on borated ey 
outside the cellophane membrane he 1; tracts: resistance tf hea - al cd the relation 
lyzed solution gave 82% inhibition, and the — of polyphenols ibitory power after 
dialysate, after concentration in vacuo at crude separation according to molecular 
room temperature to a volume equal to the weight by means of gel filtration—indicates 
starting volume, gave 7.5% inhibition. An that the active inhibitor of pectinase found 
extract containing 40 mg leaf/ml gave 98% In Scuppernong grape leaves is a tann 
! 


inhibition before and after dialvsis, and tl a tannin-like compound always 


Wm oO 


1 ] 
t 


dialysate gave 9% inhibition. The inhibi the possibility that son 


tion of the dialysate is insignificant when pound, having many 


considered with the total inhibition. There ‘mical characteristics 


fore, the active inhibitor must be of rela responsi! 
igh molecular weight ot positive lations, this 
\dsorption on Amberlite [RA-410 (OH remote. Worl continuing on charactert 
completely removed all inhibitory material zation of the type of tannin 
Elution with ammonium hy 
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solution that yielded a strong 
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enols with ferric chloride 


lyp 
ved an inhibitory power about 25‘ 
of the original extract 
\ borate complex was made and j 
lite A\-4 resin 
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Inhibition of the Denaturation by Salt of Myosin 
in Baltic Herring 
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(Manuscript received March 18, 
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SUMMARY 


Solubility measurements have shown that the 


bs) 


myosin” of Baltic herring 


is denatured rapidly in situ even in a 2% sodium chloride solution at 0°C. 
This denaturation is inhibited by various alkali phosphates and citrate. A higher 


concentration of sodium chloride requires a higher concentration of phosphate 


to prevent denaturation by the former. This action of alkali phosphates varies 


with the pH of the solution, probably as a consequence of changes in the net 


charge of the proteins and in the dissociation of the phosphates. 


Possible 


mechanisms of the inhibiting effect of the phosphates and citrates on the 


denaturation by sodium chloride are discussed. 


The muscle proteins of fish may undergo 


denaturation from many different causes 


freezing, thawing, freeze-drying, heating, 


The mechanism need not 


all 


Luijpen (1957) stated that t 


various salts, etc 


however. Thus, 


he 


be the same in cases, 


denaturation 
of fish proteins caused by freezing differs in 
There 
tl 


principle from that caused by heating. 


are also marked differences between le 


effects of freeze drying and heat denaturation 
1960 ) In 
factors indicate that there 


dena 


(Hamm and Deatherage, con 


trast, 
appreciab 


many Is all 


le similarity between the tura 
h muscle proteins caused by freez 
salts 


(1957), 


tion of fis 


d that caused by 


ing Love (1958) 
Simidu and 
Hibiki (1951), and Luijpen (1957 

concluded that the 
f frozen fish 1s caused by 


an 


Simidu Simidu and 


), among 


others, denaturation of 


muscle protein of the 


1 


yncentration of tissue salts that results from 


ce 
freezing 
Duerr and Dver (1952) and 
| | 


Fougt Té 
en cod | 
at 
- 17 
rapidly 


stated that w 
NaCl 


proteins a 


llets are kept 


0—20° ( the 


solutions 


structural re lenatured 
concentration 


he 


e proteins 


certain “critical” salt 


NaCl) 


denaturation 


when a 
10% 


Llowever, 


1 
musci¢ 


ol 
] 


(& is reached in t 


of tl 
Baltic her is produced by a 2' Nal 


ny 


final 
] 


1\ 


It concentration in_ the 


ore | 
1.7% (Nil 
results witl 


the 


solution, 


muscle 


1954b). Sim 


1 
species have he en 


being on kila and Linko 
different 


Simidu 


ilar 
lial 


obtained by 


(1951) and and Simidu 


who 


Hibiki Simidu 
(1957), that 


curs in 2-3% NaCl solutions, 


denaturation oc 
the rate of de 


shi WwW ed 


naturation depending on the salt concentra 
f the fish fillet 

Duerr and Dyer (1952) and Nikkila and 
Linko (1954b) also showed that NaC] 
cifically denatures the “myosin” fraction of 
of 
» the denaturation resulting 
( Nik ila 


is here meant 


tion and the size o 


spe 


muscle. This denaturation myosin” by 


salt is similar te 


and thawing and 
By 
fraction extractable 
NaCl tat subsequently 
insoluble in 0.25% NaCl 

Simidu — ( 
that, 


effectiveness 


from freezing 
Linko, 1954a ) 
that 


with 5% 


“myosin” 
muscle 


to 


the 


from 
found 


be 


Shimizu and 1953) observed 


equimolar solu 


ror 


ol 


with fish muscle 
denaturation was 
> NaCl 
erring, how 
found the 


NaC] 


did 


tions the 
in the 


KC] 


eve! 


I llowing order 
MeSO,. With B: | 
kila and Linko (1954b) 


of 


Nik 
order effectiveness 


Mg ls, 


following 
KCI 


al he solubility 


oli ose 


nereas 


ot 
study, 


mvosin 


an investigation was 


present 


the 


sodium citrate, and 


made of etfect of different sodium phos 


phates, sodium acetate 
on. the 


1 


the 


sodium chloride of 
at 0° 


denaturation by 


myosin of Baltic herring in situ 


METHODS 


Baltic herr 
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myosin 

effect 1s not 

Se increase lubility of myosin 
i, \lkali also have an = inhibiting 


ition of the Baltic het 


by soduim_ chloride 


MYOSIN NITROGEN 
PROTEIN NITROGEN 


TOTAL 


OF 


iat ditter greatly 


other in chemical structure, can tunction a 


SOLUBLE 


PERCENTAGE 


denaturation inhibitors. .All these substances 
moreove! reas | water! binding Ca 


pacity of nit 4 I ae l lo not follow 
the series ! ! respect C] 
ntrast, sodiun icetate 


Hamm (1960) exerts 
vdrating effect in low concentra 


as an Opposit 


] 


uus mechanisms by 
ene phosphates a1 citrates could inhibit 


reductior ! | lh f native Baltix 
-] 


denaturation This denaturation 
1 } 1 ring loride and 
in sodium chloride solutions may, : 
' ; ' same tin mcres » hydration 
<periments si “a slowed down and . 
2 . 4 ' , protein. Phosphates and citrates 1 
pletely inhibi small amoun jae , 

| 1 Xanipie ” . ] » airecth 
1 i@ solution 7: 4 tc: te Kis 
: a thereby mcreasinyg 
concentration of sodium chloride is incre: p ue : 
, , ar gi he latter. In additior 

ibition myosin denatu ; 
bind to actomvosin 
| 


i\ 


concentration 1 
: 1S study Close I 
Variations were 

: negative chart 


inhibiting 


sociat¢ \ccording to | 


tucdied 


Kotte ite Prandl 


protein 


iso remove 


vlenediaminetett 
lll ¢ <perime 


} rrine 
erring 


1 
uthors 
lowering 
| lorice r] 
been 
} f 
| ] theretore 
sodiun } 1 solutio1 hor dittetr i 
, xplanation for 


veriods im. G), 1 vas able to preven 


mvosin, but no 


Wicrease 
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Influence of Irradiated Bacon Lipids on Body Growth, 
Incidence of Cancer, and Other Pathologic 
Changes in Mice’ 


MARGARET S. DIXON, DEAN L. MOYER, LOUIS J. ZELDIS, 
AND RALPH W. McKEE 


The Departments Phystolog Chemistry 
School of Medicine, University of California, Li 


Manuscript received March 17, 1961 


SUMMARY 


Uncured bacon, irradiated with 5.58 megarads of gamma rays was compared 
with similar uncured unirradiated bacon by feeding to 757 mice. There were 
no major differences between the control and experimental groups. No gross 


or histopathological lesions attributable to irradiation of the lipid were ob- 
served. The incidence of spontaneous cancers showed no significant differences 
among the diet groups and indicates that irradiation of the bacon did not pro- 
duce carcinogens or growth-aliering substances demonstrable under the con- 
ditions of these experiments. 


Radiation preservation of food otters the ilso described wholesomeness testing and 


possibility of two important contributions undertook an analysis of available data 


to world food distribution: (1) extension of The work described here is part of the 


the shelf life of refrigerated foods : and (2 contractual program oft the oftce of the 


retention, without refrigeration, of most of | Surgeon General, Department of Defense 


the natural qualities of food so as to permit It was undertaken to determine if gamma 


world-wide shipping, storage, and consump irradiation of bacon has any influence on the 


tion (Siu et al., 1955). Thus, types of food bacon lipids that 


not now readily useful for the Armed Forces or rate ot 
might become available 


would alter the incidence 
appearance of spontaneous neo 
other pathological changes in 


Government approval ot radiation preset 
vation of food ts required for its se \ 


provision of the l‘ederal ood \dditives EXPERIMENTAL 
| 


carcinogenic OF patl ogenic, and it is genet visable to use uncured bacon because 


Was 


aw bars the use oft additives known to be Irradiation and storage. It 


957 n processed baco 
ally accepted that induced radioactivity a ler 


an “additive” that has this potential. There 
fore radiated foods need to undergo exten 
sive tests to ascertain that no detrimental 


effects on growtl eproduction, and lor 


gevity occur, and that no potentially toxic 
rcinogenic substances develop 


Yead (1960) discussed the confusion that 


has arisen concerning the suitability of it to Los Angeles, 


radiated foods for human consumption. Hle use. The other half was retained 


for radiation n supply of 


*The Experiment reported were undertaken irradiated lipid 


under contract No. DA-49-007-MD-570 with th et al., 1959) 


Mfice of The Surgeon General Phe 


as gamma-irradiated (Read 


megarads and ipped 
opinion ° t Angeles. For the first six months of the 
pressed are those of the authors and ars irradiated bacon was kept at 5° until 
sarily endorsed by the Department the remainder of the 


as 
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IRRADIATED BACON 


—— CONTROL (C) 
—— NON-IRRADIATED (8u0? 
IRRADIATED (Bu6) 


NUMBER OF ANIMALS 


“100 200 300 400 $00 600 


700 800 
AGE IN DAYS 

Fig Mortality and life span of C3H 

BUO, and BU6 diets 


strain 


mice on ( 


group, and also in the 


the same 


growth” within each diet 


‘rate of growth” of several tumors in 


animal. Ranges recorded in the diet groups wert 
0.0184-09460 cx 


the BUO, and 


per day in the C, 0.0036-1.2455 c« 
per day in 0.0017-1.9568 
day in the BU6 

Pulmonary metastases were found in 
305 C3H mice with mammary cancer. 
were 27.8% of the a 25.6 
BUO, and 


tumors 


present 


BU6 mice with mam 


Hepatomas were observed in 20 of the 


that were autopsied, with an incidence of 


% im the ¢ 6.0% in the BUO group, 
and 4.1% 
of C3H 


1% incidence of hepatoma (Barnewell, 1957 


group, 


in the BU6 group. The Berkeley strain 


mice has been observed to have less than 


though the incidence of hepatoma is higher 


no signin 


experiment, there apy ‘ ) 


ference among roups (P 


LIPIDS 


AND CANCER IN MICE 


ment, no mice on the C diet developed mammary 
cancer whereas 2 mice (1.4%) in the BUO group 
and 3 (2.2%) in the BU6 group developed mam 
incidence of lung cancer 
in the BUO, and 


cancer. Observed 
was 3.4% in the C group, 6.1% 
in the BU6 (P > 0.50) 

Table 


malignant 


mary 


3.8% 
summarizes the incidence of benign and 
neoplasms in C3H and A mice in the 
three diet groups 

Non-neoplastic 


records the 


Table 4 


common non 


pathological changes. 


incidences of the most 


pathological findings observed in this 


Many other 


changes 


neoplastic 


experiment non-neoplastic patho 


logical were observed as single cases 


among the 3 diet groups, but are omitted because 


lack of 


noted most frequently in A 


of the significant numbers Infections 
were interstitial 
kidneys (P 


live I 


mice 


disease and cystic change in the 


0.50) and granulomatous abscesses in the 
(P > 0.50). Salpingitis was often found in the 
both A (P > 0.50) and C3H 


As indicated by the P values, 


uterine horns of 


mice (P » 0.50). 
difference in the occur 


there was no 


these 


significant 


rence of infections among the diet groups 


NTR 
v 


NON-IRRADIATED (Bu0) 
RRADIATED (B8u6 


NUMBER OF ANIMALS 


_ 
DAYS 


span 


neoplasms 





ated 

to root perature 

is conducted to se the higher 

diet, t] ; i in nor mn the torag t perature would affect the peroxide 


BU6 diet mt f tl lipid. Cans of BU6 on were 


Chemical studies of lipids. aturati of ft ( 1 at root perature and 


acids and peroxide number 


each of bacon lipid nd the peroxide n f ipid determined 
line method fi tion avet | yxide nut was months and 


ot 49., 
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ture hese values fall within the ange of values occasionally statistically signihicant decreases 


obt 1 for the 56 is of B bacon lipi 
Mained for the 90 can f BU6 bacon lipid wn growth, food efficiency, reproduction, 
In another experiment cans of BUO and BU6 
P ' and | adult body size, and survival were con 
fried, th | was stored at room . 
ae sidered to be due to slightly decreased nu 
temperature, and samples were taken periodically 


tor peroxide determination. The results are show1 


hacon were 
tritional quality similar to that which occurs 
during heat sterilization—not an indication 


of toxic eftects. 
DISCUSSION , : ; 2 ] ]‘ 7 
Research of Burns et al. (1960) on feed 


Rubin and Metlitsky (1958) reported that ing gamma-irradiated potatoes to rats dem 


1, reproduction, 


the USSR Central Inspectorate of Ic ~=onstrated no effects on growtl 


Health, on the basis of tests carried out hematology, or pathologic changes 


while feeding potatoes treated with 10,000 Coleby 1959) described some. of 


and 50,000 r to two generations of rats and complexities involved in 
chemical changes produced in lipids by 11 


10,000 r as food 1 radiation. In general each fat, when 


determining 


dogs, has authorized the use of potatoes 11 
radiated with a dose of irradi 
Russia ated, behaves in a characteristic fashion, witl 
The research of Peply and Kline ( vegetable oils often more resistant to changes 
failed to demonstrate the production of ¢: than animal fats f 
higher content of natural antioxidants in 


presumably because of the 


cinogens on radiation of brain and 
preparations, a milk beef pork fish cl eese vegetable oils 

mixture, beef and veast sterol concentrate Morgan (1958) has included. as reactions 
mixture, peanut-corn-cottonseed oil emul in irradiated lipid material, hydrogen ab 
Fed straction, addition of H* and OH to double 


sion and liquid lard. The materials were f 


injected, and painted, employing mice as bonds, isomerization, hydrolysis, polymeriza 


the experimental animal tion, and decarboxylation 


in fr: Our results indicate no significant « 


between the degree unsaturation 


Poling et al. (1955) observed litter 
gross or histopathological lesions attribu ences 


peroxide numbers he cans of lipid 


able to a radiated beef diet ‘ ; Mall ¢ and 


strain 


Kidney 
Hydror 
Interstitial diseas 
cystic change 
Liver 
Fatty changes 
Granulomatous al 
Lung 
\telectasi 


Pulmonary eden a 


\lesentery & mesenteric vesse 


Dilatatior 


hemorrhas 
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Bacteriological and Serological Studies of Organisms of the 
Arizona Group Associated with a Food-Borne 
Outbreak of Gastroenteritis’ 


ELIZABETH 


VERDER 


SUMMARY 


The biochemical and antigenic characteristics of a 
2. 5) that appears to have been responsible for the illness of 


group (1, 2:1, 2 


strain of the Arizona 


51 nurses in a food-borne outbreak of severe gastroenteritis in an Institution 


in Washington are described. 


A custard prepared from fresh, unbroken eggs, 


was probably the vehicle of the infecting organism. The agglutination reactions 


of the blood serum of exposed individuals with antigens of several Entero- 


bacteriaceae, including the 


recounted. 


INTRODUCTION 
\ food-borne outbreak of severe gastro 
enterjtis (Verder et al., 1946; Vivino et al 
1947; Murphy and Morris, 1950) 
in a group of 158 nurses in an 
in Washington, D. C., in August, 
Fifty-one nurses became acutely ill 


12-24 hours of eating a custard containing 


OC urred 


Institution 
1946. 


within 


organisms of the Arizona group. It is not 


known how many of the 158 nurses had the 


lunch and again 
the girls, 


custard; it was served at 
with the evening meal to some of 
but since it was a Saturday many did not 
have either meal in the dining room 

The more severely ill patients were hos 
pitalized for more than a week; in some the 
Eight of the 
more severely ill patients, had 
no response to 3 days of therapy with sul 


fever persisted many days. 


who shown 


vere given strep 


orally. 


fonamides and penicillin, 
tomycin both 
Organisms of the Arizona group were pres 


intramuscularly and 
ent in the stool cultures of all eight before 
therapy was begun. In 3 patients the tem 
perature fell to normal rapidly, in 3 a drop 


in temperature was dramatically rapid and 


in the other 2 a less abrupt drop occurred 
U. S. Department of Health, Educa 
Health 


National 


"From the 
Welfare . 


Institutes of 


tion, and U. S. Public Service, 
National Health, 
of Allergy and Infectious Diseases, Laboratory of 


Bacterial Diseases, Bethesda 14, Maryland. 


Institute 


frizona strain isolated during the outbreak, are 


specific Mrizona strain was still 


present in the stools of 4 of these patients 
6 days after completion of the streptomycin 
1947 [wo months 


when 18 of the girls were questioned 


15 com 


therapy (Vivino e¢ al., 
later, 
about 
plained of their hair falling out and 10 re 
stools witl 


recovery from their illness, 


ported the pe rsistence ot loose 
cramping \ prolonged period of 
| 


followed the 


(Verder et al 


most patients 


acute illness in 


1946 ) 


METHODS 


National 
with the 


Specimens. Since the 
Health was invited to assist 
than 48 hours after the 


investigatior 


of the outbreak more onset 


of illness in most of the patients, there was no 


ipportunity to examine specimens before therapy 


was instituted 


Stool specimens from 22 patients were exam 


ined; single specimens only were available for 19, 
2 from each of 3 other patients. Fortunately, 


the Laboratory of the 


and 


District of Columbia Health 
Department had isolated the organism from the 
patients. No specimens 


How 


supplied us witl 


stools of an additional 5 


were obtained from the other 24 patients 


ever, 16 nurses who were not ill 


stools for study, and the cook, who suffered a 


] 


contributed a stool for examination 


mild illness, 
Blood samples were secured from 9 acutely ill 
the serum was separated from the clots for 
clots 


hospitalized 


girls; 


serological work and the were 
Eight 


were cultured 


use in the 


cultured urine samples from 


patients 
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Blood serum was available for 42 nurses: 32 absorption studies were needed to clarify the sero 
and 10 who did not become ill 
though living in the 


residence at the 


who had been ill 


nurses’ 
of the outbreak Multiple 


tor 


logical findings because of the close relationships 


time between both the H and O antigens of 
samples were available the and Arizona 


were obtained during the 
or 06, 14, or 26 weeks 


some ol 
o of the 
of the out 


Salmonella 
17 patients; they 


strains 

strains, freshly isolated from patients 
acute illness and break, were used for the preparation of specific H 
ollected and O antiserums by the methods 
iad not been ill; 7 were Edwards 
after the ri 
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was served, and three 26 weel 


many of the 


after the 
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described by 
from the nurses who |} for Salmonella anti 
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and Ewing (1955) 
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ks afterward. Since 
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tutions immediately 
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after their recovery, it was lla, cultures of 6 of the 
procure convalescent serums | and © antiserums were forwarded t 
Bacteriology. Four plates of different media and I .. Edwards for further 
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F (BBI 
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ach serur 
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strain, antigen 
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antige 
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1 ! S Ot an ofr 
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material 1 \ ! : ! 
hours or collectior 


All colonies 
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failed to ferment adonitol, amygdaline, Antigenic analysis of strains isolated 


the strains isolated during the outbreak 


erythritol, inositol, inulin, raffinose, salicin, and 


sucrose in 21 days. The length of time required  tinated by each of the specific H and O anti 
> ] 
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for detection of the fermentation of lact 2 from patien 
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showed definite fermentation in 
remainder gave no evidence 

in broth in 2 le Howe ver, a ve 


as usually bl 


(12% Wi liquefied 
at room mperature 1n 
sulphide Vi produced 


mediun 


\\ 


Agglutinins in blood of patients and contacts. 
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ible 1 s ws the changes t t CCUL , 1! { 


O antigens of 
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Evidence for Heat Injury in Enteroccocci* 


RICHARD A. 


Research Laboratories, 


(Manuscript received May 10, 


GREENBERG anno JOHN H 


Swift 


SILLIKER 


Company, Chicago, Illinois 


1961 ) 


SUMMARY 


The death rates of stationary-phase brain heart infusion-broth cultures 


of S. faecium and S. faecalis were independent of nitrite at 148.5 
©1.5°F and 158.5 


the culture at the time of heating reversed the nitrite effect. 


but were accelerated at 155 


ky A 
15°F. Ascorbic acid added to 


Evidence was 


obtained for thermal injury of enterococci surviving thermal processing in a 
cured-meat product. One half of the pack received a slightly longer process at 


159°F than did the other. The 


enterococci 


surviving the lesser schedule 


eventually multiplied in the product, whereas those still viable after the 


lengthier process died out during storage at 50°F. 


Nitrite has been described as the in 
gredient primarily responsible for the sta 
bility of lightly 
cured meats (Silliker ef al., 


authors presented evidence that the level of 


unrefrigerated 
1958). 


pre cessed 


The 


nitrite commonly used in cured meat products 
(78-156 ppm), in with mild 
thermal processing, rendered the surviving 


combination 


bacterial spores incapable of growth in the 
product, although subculture of the meat in 
appropriate media resulted in outgrowth of 
surviving spores 

Nitrite also appears to be important in the 
stability of perishable cured meats, in which 
thermoduric cocci are frequently a spoilage 
problem. Streptococcus faecium has been 
implicated as the lactic acid organism most 
likely to survive the processing applied to 
perishable canned hams and luncheon meats 
1955; Ingram and 
1960 ) 


and Ingram, 
1955; Drake et al 


lhe present studies were concerned with 


( Barnes 


Barnes, 


faecium and S. faecalis to 
The results 
under certain 


the response ol S 
heat in the presence of nitrite 
indicate that these organisms, 
show a heat-injury phenomenon 
that 


conditions, 
similar to bserved in spore-forming 
bacteria. 

MATERIALS AND METHODS 


Cultures of S. faectwm HS-5 and S. fa 


GAP-2 were obtained from the American Meat 


Presented ¢ wenty-first Annual Meeting 


Institute Technologists, New York, 


or the 


May &, 1961 


culture collection throug! 
Niven, Jr 


tubes 


Institute Foundation 


the courtesy of Dr. C. I Eighteen 
grown at 98°F in containing 


broth 


hour cultures 


5 ml brain heart infusion (Difco) were 


stored frozen until used as inocula for 100 ml of 


brain heart infusion broth in screw-capped 8-oz 


bottles. The 100-ml cultures were incubated 24 hr 


at 98°F, at which time the population had leveled 
on at 72 


was 6.3-6.4 


cells per ml these 


billion 
cultures 
oluti ns 


Sodium nitrite and ascorbi were 


prepared fresh on the day of use, and Seitz filtered 
Chese 


ture bottles at the 


were added asepticall) ‘ } cul 


reagents 


beginning of each experiment 


Thermal death studies were carried out by heating 


the culture bottles in a constant-temperature circu 


vithdrawn at 


lating water bath Samples vere 


intervals and plated in 


Difco) 


trvptone extract 


\ water-blank 


itted following 


bottle 


mometer pern mperature 


the culture bottles throughout the experiment. The 
tryptone yeast extract agar plates were incubated 


48 hr at 98°F before being « 


Phe est product used oculated 
is prepared l 
ound through a 
materials 


ls, 7 g whi oriandet 
g NaNQs, and 
24-hour 


Vere then 


450 ¢ water. One hu 
cultures of 

added, and 
vacuum-mixed for 5 mi Phi 


by regrinding the product through a 3/16-in 


and vacuum mixing for an additional 5 min 
ounce (300 200) cans were hand filled and sealed 
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under were 


One hal f the cans 
open ket at 159°F-. \ 


20 in. of vacuum 
processed 69 min in an 
temperature I 


naximum centel! 
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Reversal of nitrite effect 


NaNO 
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the other was pro 


different processes at One 
held min at 
temperature of 158°F 
essed 69 min at 159°F, 
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| he 
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28 
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above 
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minute 
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pected from previous work, the 


surviving enterococci was _ considerably 


(about sixfold) in the lighter-cooked product tl 


in the companion product. It was extremely inter- 


esting to 
50°F, 
the 


find, however, that, during 


torage a 
multiplication was substantial within 90 


in lighter-processed luncheon meat 
the enterococci surviving the somew!l 
process i | l 


pt died off steadily until they 


letectable 
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White, White, 
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canned ham when the organisms were sus 
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of 
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Young, 
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Growth and Toxin Production by Type E 
Clostridium Botulinum Below 40°F 


SCHMIDT, R. V. LECHOWICH 


lob? 


SUMMARY 

Mildly heat-shocked spores of four strains of Type E Clostridium botulinum 
(VH, Beluga, Iwanai, and 8E) were inoculated into a heat-sterilized beef stew 
substrate and incubated at 34, 36, and 38°F. Inoculum levels of approx 
1-12 million spores per tube were used with different strains. At 38°F, toxin 
production and visible outgrowth as evidenced by gas formation beneath a 
vaspar seal occurred in one or more tubes of each of the strains within 31-45 
days. No evidence of growth was visible after 14 days'‘at 38°F. and at this 
time duplicate tubes of each strain were not toxic. After 31 days, strains Iwanai 
and Beluga showed 2 of 8 tubes with gas and toxin. None of 8 tubes of the VH 
and 8E strains showed gas after 31 days. Two tubes of each strain were not 
toxic. After 45 days, tubes of the VH and 8E strains showed visible gas 
production and toxin. Inoculated tubes incubated at 34 or 36°F showed no 
gas production during 104 days. Samples of all strains at both temperatures 
were toxin assayed at 54 days and 104 days, and toxin was absent in all cases. 
These results suggest a rather sharply defined critical temperature above and 
below which spores of Type E Cl. botulinum are or are not capable of germinat- 
ing and initiating toxic outgrowth. The significance of these results in relation 


to extended refrigerated storage of food products is discussed. 


INTRODUCTION 


Dolman et al. (1950) reported growth and @! 79 and during’ comparative! 


P ° e ] f t o Stra \] 
toxin production of the VH strain of Type Pemods Of storage trains VH, 
i eal Wigaee i, i 
E Cl. botulinum at 43°F. Ohve and Scott and I|wanai were used in tha 
oie . . , was shown th mildly 1} 

(1957) presented a detailed study of the Wan « nhown that nuldly eat 
effect of temperature on the growth rates of SPOTe mo¢ ula germinated and produc 

vth at tl * temperatures 
: Rint (90Rte Isocicced 
using a cooked eat medium they fo ; Fe 1YOla) discussed t 


10 strains of Type E Cl. botulinum. Also 


1 
‘ ° . 1 1 ) tr 2 lity 
erowth initiation from spore inocula it periments trom oO aditterent 
veeks at 41°] with toxin detectable relation to the extension of 
FE life food prod 


AT pasteul n hye and 


rowth, e cultures did not | 


So weeks of incubation Six other st 


s} owed re 1 
mice houg me appeared to produce found no growth initiation 


symptoms. However, since this 


done betore recognition of the pointed out t 
potentiation of Type E toxin by trypsin Perments consisted of duplicate 


1 “ay ee 

Duft [ al 1956) the complet abs«e nce of moculated with 10,000 spore S of the 
eek. , heine studied Schmid t al Y ‘ 

toxin in any ot these cultures is uncertalt Cig 1d1ed chnmidt ¢ a (] Ola also 

suggested that the implications of the various 


Schmidt ef a 196la) reported that smail 


numbers of Type FE. spores permitted to sur results obtained to date make it desirable 
vive radiation pasteurization doses were al that an intensive study be conducted to deter 
mine the absolute minimum temperature that 


‘Presented at the 2 nnual Meeting of tl permits outgrowth of Type E spores using 


Institute of Food nologists, May 8, 1961 high-spore-level inocula This paper pre 
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sents the results of studies that attempt in tubes blended 1:1 with sterile water. Toxin assay 
a preliminary way to determine the ability was conducted using trypsin digestion as described 


? 


: : ‘ ‘ 1 © al ) s shoy ry m6 
for outgrowth at 34, 36, and 38°F of heat by Schmidt et al. (1961b lubes showing no ga 


” 


ar ee respective incubation temperatures at the 
OTULINI 2 


shocked spores ol + strains of Cl ; a - 
| ling were placed in water at 95°|* for 
ype 

to determine whether gas was detect 
e conditions 


EXPERIMENTAL METHODS 
ee a RESULTS AND DISCUSSION 


Spore suspensions. 


inocula were dilutions of SUIT sior - ot , 
salt caiail sil ieee les 1 and 2 show the results with the 
pared at sed for dete ling 
aoe inocula of 4 different strains incubated 


\fter 14 davs’ incubation no gas 
either in 10 tubes of eac 
or in 2 tubes of each strain 

warmed to 95°] hese z 
strain also were nontoxic after 
incubation. After 31 days of 

the Iwanai strain and 


Substrate Foz . ste = ' n ube ol Beluga strain showed definite 
1. ] . 


strate for 


ras production at 38°F. The 


feluga strain and one of the 
ibes showed detectable toxin \fter 
of incubation additional tubes of 


Beluga strains showed gas at 


did also 2 tubes of the VH strain 
8] All tubes 

ys’ incuba 

contain P ype k. toxin 

of incubation, when 


s were 


, ] 
Incubation and observation lables 1] 
tested, tox 


visible gas production cat 
15 days at 38°F in at least 
replicate samples inoculated 
1 inoculum 
to produce 
summarized in 
+ strains after 

ubation may produces 


detectable 


incubatior 


xin titer may 
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OSTRIDIUM BOTULINUM BELOW 40°F 


7 days,-so that the estimated average time 
of 6 days falls somewhat below the extra 
pt lated curve. The extrapolated portion be- 
low 38°F has been shown to be invalid by 
the results of our work at 34 and 36°F. 
However, the extrapolation did have some 
value in suggesting incubation time intervals 
at which tubes that exhibited no gas at the 
respective incubation temperatures should be 


DAYS 


warmed to 95°F so that small quantities of 
gas might be detected and also assayed for 
toxin. If this relationship between time for 
detectable gas production and temperature 
holds for spores of additional strains in 
various substrates, it should be possible to 
conduct surveys for their behavior quite 
rapidly at 2 temperatures between 40 and 


50°). The line extrapolated below 40°F 


INCUBATION TIME, 


could then be used as a guide for further 


observations requiring prolonged incubation 
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Some Characteristics of Coagulase-Positive Staphylococci 
from Market Meats Relative to Their Origins 
Into the Meats *> 


JAMES 


SUMMARY 


From four market meats (hamburger, pork chops, beef liver, and round 
steak) obtained at 28 retail stores, 136 isolates of coagulase-positive staphylo- 
cocei were recovered, Suggestive of human sources of Staphylococcus aureus 
to the meats were bacteriophage types of most of the isolates similar to those 
of hun strains. Also, over 70% of the isolates produced hemolysins char- 
acteristic of human strains of S. aureus. Suggestive of non-human sources 
was the finding that none of the strains was resistant to penicillin and three 
other antibiotics and that 6% were resistant to streptomycin, 3% to chlortet- 
racveline, and 12.5% to ristocetin. 


liy virulent 


potenti 
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strains has recently rep | (Jay, 1961 \ second 


investigators to be tiot be a characterization 
has been show! mart ‘ | lococc! to determine 
organisms exist on almost every are ilar to strains in 
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CHARACTERISTICS 
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antibiotics 1s recorded in Table 6. All 1 two findings in 
lates were sensitive to penicillin, erythromy the other hand, tl 
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cin, chloramphenicol, and kanamycin. Three considerably lower thi 


ot the 136 were resistant to novobiocin, 4 clinical isolates. Also, the ri 
to CTC, 8 to streptomycin, and 17 (12.5%) tribution of the strains among 
to ristocetin. The phage patterns of the 1 the occurrence of 21% with ani 
sistant strains indicate that 40% of tl sin patterns, and the relativel 
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‘e nontypable whereas approx 40 - bers recovered all tend to suggest 


longed to Group III, the largest number sources were other than hum: 
being type 83. The relatively few antibiotic likely that both sources are 
resistant isolates, especially to streptomycin the human source perha 

and CTC, with none being resistant to peni- smaller number 

suggests that many of these o1 
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Media for Detecting Pectolytic Gram-Negative Bacteria 
Associated with the Softening of Cucumbers, 
Olives, and Other Plant Tissues’ 
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(Manuscript received May 


SUMMARY 

The limitations of eosine methylene blue or basic fuchsin polypectate gels 
prompted further investigations to develop a selective pectate gel that could be 
used to enumerate or isolate gram-negative pectolytic bacteria even when 
they composed a minor portion of the microbial population. 

Crystal violet and brilliant green with bile proved the most effective of 
several selective agents studied. Of the two, crystal violet was much less in- 
hibitory. Actidione, 10 mg per L added after sterilization, is helpful in the 
control of growth of molds and yeasts on this medium. 

The crystal violet medium has a productivity comparable to that of standard 
plate-count agar when pure cultures are used. It was successfully used to en- 
umerate known populations of pectolytic gram-negative bacteria among mixed 
populations of other nonpectolytic gram-negative and -positive bacteria. It is 
also being used routinely for enumeration and isolation of pectolytic gram- 
negative bacteria from natural sources. 

Thus far, pectolytic bacteria belonging to 5 genera, including Aerobacter, 
Escherichia, Paracolobactrum, Aeromonas, and Achromobacter, have been 


isolated by use of the erystal violet gel. 


Vaughn et al. (1957) described the first Pectinous gel media described by F 
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EXPERIMENTAL RESULTS 


The development of selective media 


' ofke 


nough 
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to eliminate the growth of all the gram-positive 
Both brilliant green and crystal 


decided to 


bacteria. violet 


were promising, however, and it was 

concentrate on these two dyes. 
Further studies with brilliant green and crystal 

concentrations 


tested at 


violet. Crystal violet was used in 
of 0.0016-0.04 g/I 


concentrations varying from 0.0264 to 0.0369 g/l 


Brilliant green was 


rhe brilliant green media were supplemented with 


Bacto-oxgall. It was found that concentrations of 


0.02 g/L of crystal violet or 0.0264 g/L of brilliant 


green plus 20 g/L of Bacto-oxgall resulted in 


selectivity for the differential growth of the pecto 
test Phe 
of these two media were: 


: Loy 
jreen u 


lytic gram-negative bacteria. ingredients 


e polypectat r 5.0 g pep 
KoH PO,, 
2H.0O, 0.0264 g 


bri ant 


tone (Difco), 8.0 eg 20.0 g Oxegall 


Difco), 0.6 g aCl brilliant 


70 ¢ sodium polypectate (Exchange and 


ml distilled 
t poly] 
(Difco), 5.0 g KsHI 


lL, - 2H.O, 0.02 


green, 


1000 water. 


t jé J.U 


1.0 ¢ KH 


Orn, 
70.0 


? Sfa TIOLlE f 


Cal g crystal violet, 


polypectate (Exchange), and 1000 n 


water 


resulted in a softening 


Pectolysis 


Crateriform depressions were always 


rounding discrete colonies of pectoly bacteria 


Fig. 1 is 


gel showing isolated depressed colonies 


a photograph of a plate of brilliant greet 


produced in 


either 


1 
ased 


Effect of 
moids and 


as mitted 
the growth of 


whet 


selective gels on 


the 


yeasts. (Cn 


tur ' 
u L 


Fig. Plate showing 


coionies 


pecte lysis by 


NING PLANT TISSI 


WITH SOFTI 


20°¢ examined for Phese 


Table 1 \ 


medium 


96 hr at and 


results are recorded in number of 


molds were able to grow on the 


absence of actidione and produce depressions indica 
However, actidione reduced the 


tive of pectolysis 


so they w not able to 


Phe 


the pectolvti 


growth of these cultures 


produce depressi ms in 96 hr at 20 reduc 


tion in growth and activity of molds 
is particularly desirable since they are common! 


encountered as air-borne contaminat 


observed that actidione was 
inhibiting the growth of yeasts than 


\s a 


ng I I 


result, actidione was routin 


medium 
Effect of the selective gels on 
An l 


nd 
and 


the growth of 


experiment similar to that describe 


bacteria. 
| 


1 
moid yeasts was conduct 


The 


( sf 


for 


bacteria. obligately 


genus 
W ith 
Was 


Parowax 


incubation oculated media 


vithout actidione, were incubate 


xamined for t 


prow 
results are shown it 


noted that most of 


moderately 


grew 


this 


i I rie 4 i at the beginnit ) ne reak 


Effect of pH 


on utility of the selective gels 
pH 


to determine the te ot 


Cause 


values he 

Several ex 
um pH over 
ition ot t] 


up the 
\fter autoclay 


Ssurtace 
hnique 
} ved 


observe 


optimum pH 








hy] 
caDik 


‘’ The effect of sodium hexametaphosphate on util- 


ity of the selective gels. The .ormula for 
scribed first by Bater 


am la I vy Vaught 


Productivity of the selective gel media 


Recovery of pectolytic gram-negative bacteria 
from in vitro mixtures of two cultures. Seve 





eltective 
when it 1 


numbers 


Recovery of pectolytic gram-negative bacteria 


from mixed cultures from natural sources. 


nit ty of the ect 





from olive groves and 1 grown on nutrient agar 
unblanched dehydrated re i I 7 \fter 48 hours 
shelled almond an Englisl alnu t reag W added 


and male human 


these studies the ly - producing gal ‘ producti 


crateritorm depressions in I rel ver gran la as \ netho 


negative rods. Colonies of mold 


veloped were small, isolated, and 
able It is believed that 
studies on 
bacteria but 


ided becau: is less inhibitory 


ne 


under the mditions described t 


r 


During this investigation several observatio 


were made that have a bearing on tl 


these two gels Some organisms 


to absorb the crystal violet fr 


forming a blue colony her organisn 


absorb the lve, so. the colonies remal 


This affords means of differentiating thes 


of colonies on a vsti iolet gel witl 3 : itary shaker 


mixed cultures. fug he supernatant 


On the brilliant gt le n tl ok 1 for i vy ina Beckn 
not absorb the dve, 


a green background 


ground turns 


the colonies th 
difficult to observe they form dey] 
in the medium. This problem may be solved either 1 
by pouring the medium in a thinner laver to reduce } " 1 time varied fron 
its o acity, or by counting the colonies ¢ I y 1) min at room temperaturs 
have formed depressions in the mediun | control cultures 

When moisture was present on the surface 
the brilliant green gel, the colonies occasional concluded 
spread. The problem of spreading was not et hat two pols gels hi good differential 
countered with the crystal violet gel. Reduction 

7 1 | 
surface tension by the bile in the brilliant \CKNOWLEDGMI 

green medium might explain this difference 

The appearance of depressions on the surfac ‘inancial assistance from the 

vas generally 6-12 hr later with the crystal vio Advisory Board is gratefully 
gel than with the brilliant green mediun 


times were respectively after 24 hr and 12 

of incubation Albersheim, P., H. Neukom, and H. Deuel. 1960 
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on the two gels. /n vitro demonstration of pe dukten durch ein pektinabbauend Knzym 
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from either of the two gels would generally be ommended Methods for the Microbiological 
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ential media. Pectolytic enzymes known to be Baier, W. E., and T. C. Manchester. 1953 XC 

produced by bacteria include pectin esterase (PE), search finds substitute for bacteriological agar 

“polygalacturonase” (PG), and: pectic acid elimi Food Inds. 15, 94. 

nase (PAE). Beisel, C. G. 1960. Private communication 


Pectin esterase production was demonstrated by Fernando, M. 1937. Studies in the physiology of 
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Factor Analysis Applied to Paired Preferences Among 
Four Grape Juices 


BAKER, M AMERINI 


SUMMARY 
“d 


72 tasters. Some judges preferred sweet and some 


Four grape juices differing in amount of added citric acid were examin 
by paired comparison by 
preferred acid juices, causing pronounced and progressive changes 
The correlation coefficient 


in the 
frequency distributions of the preference ratings. 
The direction and degree of 


between variances and acid differences was 0.98. 
Mathemati- 


preference was much more consistent for larger differences in acid. 
cal models developed by other authors for analysis of paired comparison data 


are of doubtful validity or awkward in application to the present data. 


INTRODUCTION 
models detailed 
ra (1960), Scheffe (1952), and 
(1952) for analysis of d: 
ymparison cannot be e 


distribution of judges’ 


with different 


EXPERIMENTAL PROCEDURE 
1 White 


100 
tartarate 
just before 


tartaric 





AMI 


ANALYSIS AND DISCUSSION OF DATA 





646 FACTOR ANALYSIS OF GRAPE-JUICE PREFERENCES 


h* (communality ) measures the ability of Table 4. Frequency distributions of the preter 
the tasters to prefer between the pairs irre- ence ratings of 72 tasters for the 6 comparisons of 
spective of their direction of preference, 
while 1-h? measures the inability of the 
tasters to prefer. It is noted that h* ranges Preference 
from 0.41 to 0.78. On the basis of the com 
munalities, the 6 pairs can be ordered in a 


Table 1. The preference scale is in the direction 


\ to D 


rational way. These findings are in accord 
with the discussions by Baker et al. (1954, 
1958, 1960) and Mrak et al. (1959). 

The detailed frequency distributions in 
Table 4 indicate the very pronounced 
changes in the distributions of preferences as 
successive amounts of citric acid were added 
Progressive and extensive changes take 
place in these distributions as we proceed 
from pair AB to pair AD. The variances of 


able 5. Regression of discriminability (100! 


Table 3) on the difference in citric 


} 


the 72 tasters increase from 1.98 for the pair ; 
ams/ml for the 6 pairs of Table 1 


\B to 6.76 for AD. It is apparent that as 

“sugar” juices are compared with “acid” 

juices, some people much prefer the sugar 

and many others much prefer the acid \B 0.091 
If we consider the relation between ; 183 

amount of citric acid added and 100h? of 274 

lable 1, we get the results in Table 5. The 274 

4/ 


correlation coefficient is 0.961, indicating a 
80.10 


Correlation matrix 


data of Table 1. 


0.27 0.30 
0.30 0.44 
0.41 0.43 


(0.64) 





0.30 


0.46 





nunalities 


Table 3 Factor loadings on 
99 O4 


117.67 
135.21 
135.21 
170.53 


188.01 


sweetness; | 2, acidity ) for the 
rotated to make the loading 


maximum 


SS deviations 


east-squares Ir 
192.970 x 82.407 


communality or s\ of tl ( | coefficient ().964 
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pertect relation between 100h- 


the difference between the amounts of citr 


acid added to the separate juices of a pait c ditere ng. 0ee. 
‘ . Vera Mrak, and 


s 


\nother possible measure of the strengtl 


of preference without regard to the direction 


; 


# the preference is the sum of the absolute 


values of the preference ratings for each 


pair. Table 6 shows the relation between the 


sums of the absolute values of the preference 
scores and the acid difference between pairs 
Che correlation coefficient is about the same i latte inna’ 
as before, 1 0.964, showing that tl pair iometrics 16, 176 

rT ] . 


variables are very closely related niora rs 
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Taste Interrelationships. Il. Suprathreshold Solutions 
of Sucrose and Citric Acid 


ROSE MARIE PANGBORN 


and Te } \ University , 
(Manuscript received May 26, 1961 


The effect of citric acid on the sweetness of sucrose solutions was determined 
by a highly trained panel using variations of two basic methods: single stimulus 
and paired stimuli. In the former presentation, evaluation of samples singly 
or in a series of 4 did not alter responses significantly. The binary method, 
requiring judges to indicate the direction and the degree to which members 
of a pair differed in sweetness, was slightly more sensitive than the single 
presentation, especially when one member of the pair within a set was kept 
constant. The following conclusions were drawn from all methods: (a) Citric 
acid, at concentrations ranging from 0.007 to 0.073%, depressed the sweetness 
of 0.5-20.0% sucrose. (b) The masking of sweetness by acid was greater at 


lower than at higher sucrose concentrations. 


INTRODUCTION Bujas (1934) and 


Methods of measuring taste interaction “Geschmackslupe 
of sapid solutions vary considerably, d » area of the tongue with sucrose solu 
, 


pending on the purpose of the study and the tions while simultaneously determining 


preferences of the investigator. The litera threshold for NaCl on another part of the 
ture contains conflicting results obtained witl tongue. Dilute sucrose solutions lowered thi 
diverse methods. In an early study, Kiesow NaCl threshold, and concentrated sucros¢ 
(1894) applied solutions directly on the solutions raised 11 Similar results were re 
tongue and observed the effect of a sub ported in a later publication (Hahn 
threshold concentration of one compound on rich, 1948) 


the threshold of a second compound. Salt “sensitivity thres 
and sour, and salty and sweet exhibited concentration distinguish: 


rage (1937 ! 


simultaneous masking, but sweet and sour vas used by Crag’ 
] 
| 


sucrose on sourness O 


did no 


d 
solutions affected each other in an incon ‘ f NaCl ane 


The addition of 18.7' 


I 


sistent manner so that no conclusions could J rat 


drawn W orking witl sucrose, Nal l, | | threshold but the additiot 
hydrochloride, and HCl, Heymans f ugal uced the ourness of 


und that supraliminal concentr: \ by “qui-sweet saccharin 
ubstance alwavs raised the 
second compound 
hat invest 
© tastes 
xed concentrations again i matching method i 
representing the 4 fundamental oncentration of one compound 
found that diluting a salt solution Id level of second compound 
gar solution 5 solutions o 
t result in maintenat ntration he supratht 
, and concluded that “in rted that hydrochloric 
hips between taste stimul acids ‘ he sweetness of dextrose 


level stimulus intensity a ad 1 sweetness of sucrose 


and tartaric acids in 
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but de 
In addi 


creased the sweetness of sucrose 


creased the sweetness of fructose. 
tion, all sugars decreased the sourness of all 
acids, though to varying degrees. Using the 
same matching methodology, Pangborn 
1960 ) that citric 
had a masking effect on each other 
(1950) 


found sucrose and acid 


single-sample 
chloride, 


\nderson used a 


presentation of sucrose, sodium 
quinine hydrochloride, and tartaric acid, all 
at threshold levels. In tap 
thresholds for the 
0.029M and 0.012M whereas in the presence 
acid, the re 


to 0.O38M 


water, sucrose 


two subjects used were 


of threshold levels of tartaric 
spective sucrose thresholds rose 
and 0.016M 

tor tartari« 
0.00035M in tap water 
threshold 


Che corresponding respective 
were 0.0012M and 
O.O0O1IOM and 


concentrations of 


acid 
and 
,O0038.M in 
sucrose 

of the taste interactions 


sodium chloride ranging fror 


solubility limits, Beebe-Centet 


649 


et al. (1959) employed the “up and down” 


method, 1.e tasters indicated whether the 
second sample within a pair was more or less 
sweet than the first. When the compound 
was judged less sweet than the least con- 
centrated standard of the scale, or sweeter 
than the most concentrated, the same stand- 
ard was used again in the next comparison. 


The 


central tendency 


median was used as the measure ot 


The principal effect was 


one of mutual masking. A _ single-stimulus 


method with a nine-point scale of successive 


integers from 1 (no taste) to 9 (extreme 


was described by Kamen ef al 


intensity ) 
(1960), who concluded that suprathreshold 


levels of citric acid generally increased the 


sweetness of suprathreshold concentrations 


of sucrose, whereas sucrose reduced the 


sourness of citric acid 
It is difficult to make a critical comparison 


precision of the methods discussed 


since the results were influenced by 


other experimental variables, 1e., 


SCORE CARD FOR SINGLE-SAMPLE PRESENTATION SET 


NAME 
CIRCLE THE VERTICAL LINE 
TASTE INTENSITY OF 


DIRECTIONS 


AMPLE NO 


SCORE CARD FOR PAIRED PRESENTATION 


NAME 


SWEETER 
DIFFERENCE 


CIRCLE THE 
THE DEGREE OF 


DIRECTIONS 


SWEETNESS DIFFERENCE 


SAMPLES 
SLIGHT 


SAMPLE 
IN SWEETNESS WITHIN PAIRS 


MODERATE 


DATE 


CORRESPONDING TO YOUR OPINION OF THE 
SWEETNESS FOR EACH SAMPLE SEPARATELY 


Moderate arge Extreme 


DATE 


WITHIN EACH PAIR, THEN INDICATE 


WITHIN EACH PAIR 


LARGE EXTREME 


presentations 
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number of subjects, training of jt ls mcentration 
amount of replication, temperature 


solutions, tap water vs. distilled water, all 


buffered vs. unbuffered solutions, purity of 


the compounds, and the levels compared 


lhe present paper is concerned with evalu 


ation of the taste reactions of a highly 


trained panel to mixtures of supri 
concentrations of sucrose and 
using variations of single and 


tation 


METHODS AND MATERIALS 


Selection and training of the taste panel. 


d women 


+ 
é S 


Methods 


rit } 
eC ) 


tnt \ atment o 
mental v i peated 4 


Method I and once for Metho« I] 


variance was applied to individual 


wert usec 


replication 


(0.005 


] 


After cor 
paired presentation 


ontaining 8 pairs tor Series |, and . (no }< B (0.005% 


Series II. Participants circled tl 3, +5, +7 
sweeter sample and indicated 
degree ot difference in sweetness intensity wi Negati and sitive respons were totaled for 


: ' , , : ’ 1 , , 
each palit checking a tour-point = sc: la ? ! values pio l hen linear 
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determined so that the 


yuld be 


weighted 


regression 


slopes 


vidual lines ¢ compared for Series I. 


series LI, the responses were submitted 


to analysis of variance to establish the degree to 


which citric acid influenced sweetness intensity 


Score cards for the single and paired presenta 


tions are shown in Fig. 1. 
j [he concentrations used 


Table l 


with 


f solutions 


designs are shown in 


the con 


rhe 


entrations indicated in Series II when the panel 


paired design was repeated 


the extreme 


the 


omplained of displeasure involved in 


continuous sampling ot 0.073 level of citric 


acid. Also, no sweetness at all was perceived in 


solutions containing 0.50% sucrose 


f 0.007, 0.023, or 0.073% acid 


RESULTS AND DISCUSSION 
presentation. Although 


methods of presentation, singly or in 


si 


Single-sample 


the 


series, had no significant effect on sweetness 


scores (Table 2), the plotted data show that 
the scoring when 


samples 


range was narrower 


were evaluated singly tha 


( Fig 


“contrast 


tasted in a series of 4 


solutions 
In the latte erro! 


the 
] 


influential, te., a tendency 


method, 


may have been 


to undervalue or overvalue a haractet 


TC A 
RIC A 


D ON SWEETNESS OF SUCRO 


SINGLE SAMPLE PRESENTATION 


3E SWEENESS 


AVER 


6 
n awl 


Fig. 2. Effect ic acid sweetness 


sucrose single-sat presentation 
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istic within a series (Guilford, 1954, p. 279) 
This tendency is indicated by the significant 
interaction between sucrose and method, and 
} 


Is readily seen Dy determining the difference 


in total scores within each method 


<1 differentially to the two 


total 
thods ranged from 
judges lhe 


methods and acid level 


sweetness 


fe 


erence 1n 


individual inter 


14+ tor 


action between 


Was 
\pplication of anal 
\Mlethod 1, 


it the variation due to replication ( 


not signihcant ysis ol 


Variance to separately, showed 
3 reps 


vas not signif 


Witl 
creasing 
y ] 


CT Cased 


cant 


both methods of presentation, 1n 


1 
i 


additions of citric acid generally 


apparent sweetness intensity al 


I 
+ sucrose levels. This observa 
h in agreement with previous 
is laboratory (Pangborn, 1960), 
with the 
ind Blum (1943) 
1960), who 


creased the sw 


disagrees 


of Fabian 


al, 


1 


acid in 


the 


conclusions 
and of Kamen et 
reported that 


eetness of sucrose In 


citric 


present investigation, all of Kamen’s experi 
mental conditions were followed except for 
selection and training of judges and presenta 
Kamen’s study, there 


untrained judges selected on the 


of & stimuli. In 
were ZOO 
basis of availability; only some participated 


in more than one replication Kamen’s 
feel that 
the 


through testing of 


group this method increases the 
loss of 


solutions 


avoiding 
all 


and that “training and using 


efficiency design by 
motivation 
at one sitting 


more rigorous methods of selecting Os is 
probably not worth the effort. Instead, using 
a larger number of Os is likely to compensate 
This 


Kamen 


somewhat decreased precision.’ 


had 


previously (1959) 


for 


latter point been verified by 


The present author does 
untrained, un 


the use of 


tested judges in difference testing, because 


not subscribe to 


1 judge’s response is greatly modified by 





TIONS 


SUPRATILRESHOLD 


SOL 


Single-sz 


lable 2 
Method II, 


\nalysis of variance 


evaluated singly 


1928.319 
1575.2 
23.847 
SS.0069 
1.125 
10.680 
35.764 
8.902 


20.153 


P= 0.01 


at P 0.001 


and tamiuliarization with 


as illustrated by increased 


i 


tivity to the + basic tastes with subsequent 


testing (langborn, 1959 Several investi 
gators have reported improved sensory pet 
direct result of panel training 


Hanson, 


formance as 

(Bennett ef 1956; Boggs and 

1949 ) 
When 


p ole d. it Was 


methods 
that 


higher total sweetness 


bot! 


from 
observed ever) 
gave a score 
citric acid 
control Chis 

Individual 


tions containing 0.007% 


the unacidified result is not 


readily explainable judges fre 
quently commented that the lowest acid level 
imparted a degree of pleasantness to other 
With this par 


deter 


the ob 


wise insipid sugar solutions 
there is no way of 


mining quantitatively how 


ticular method, 


- 2 
much ot 


Table 3. Effect of citric acid 


| (values re present response 


103*** 


0.05 


ig. at | 
Sig. at P= 0.01 
* Sig. at P= 0.001 


’ercent citric acid 


S 


are weig! ted 1 


SUCROSI AND CITRIC ACID 


evaluated 


ratne! 

tensity 
Paired presentation, |) 
paired presentation, sample n bot 


sucrose and citric acid cé 


tatt. 
ally 


simple 


of the selections of samples 
in pairs shows a decrease 


apparent 


1ESS with Micreasinyg acid lable 


uval le ve ls, tl 
P 1 
sweetness-depressing 


ls When the data 


terms of 


Iron 
degree Oo 
ness difference between members of 
=. l , moderate, large, extreme, 


value is obtained for each pair, 


‘n plotted at each sucrose level in 
distribution < 


0.073% 


sale 


The plot 


shows the 


Table >) 3 


(a) 0.023% vs 





Vv as indicate d 


ilues 


sug 


\l 


\ simplificat 


ncorporate d 
stimulus, where one meml 


] 


constant 


within ea¢ set was constant 


Dall 
simple tabulation in Table 4 verifies 
decreasing sweetness accompanied an in 
Once again, the mask 


creasing acid content 
it tl 


ettects were most pronounced 
\t higher 
occurred 


tas 


Ing 


levels sugal levels, 


lower sugat 
actually 
did 


otting the weighted sweetn 


mutual masking 


acidified samples not te as sour 


1”] 


each 


ror 


the 


ss scores 


] 


against acid content shows 


pall 


acid sweet 


t 
to 


degree which the decreased 

(Fig. 4) \lthough the 
sugar levels follow a somewhat errati 

1.0 and 

previous ob 


servation that higher levels are depressed less 


*vels Phe author 
Werner (1933), ¢ 


intermediate 


ness 
down 
the extremes, 


substantiate the 


ward 
20.0% 


progre SSITON, 


sucrose, 


than lower I agrees with 
statements by ameron 


ance 
retween 


3 replications 


t] 
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Kamen (1959), and others that 


erceived intensities of mixtures depend on 
e specific levels of each stimulus 

lhe individual values plotted in Fig. 4 
lily lend themselves to analysis of varti- 


CdaQll 


Both sugar and acid had a 


Table 5) 


on sweetness differences 


\ very 


ariation was due to judge differences. The 


wnificant eftect 
highly significant 


pairs 


did not differ, and two of the 


teractions involving judges were signifi 


int 


\ 


An 


1 1 
lysis Of variance 18 aS simp to pel 


form for the paired comparison data as for 


The former method 


ingle sample scores 
each 
that the 
| magnitude of difference be 


based on the same number 


that judge replicate every set 


values designated as 


pair are 


This requisite was not difh 


luations 


on 


since ly 5 days of testing 


to 


to achieve, 


pairs judge session) were necessary 


; nal 1; 
ul e data analyzed 1 


eu ) 


n Table 
\lthough the main advantage of the single 
ulus is its simplicity of presentation and 


T ON SWEETNESS 


RIC ACIC 
OF SUCROSE 


PRESENTATION 
SERIES 0 


PAIRED 


acid on sweetness score ot 


I] 


ot citrine 


resentation, series 





SUPRATHRESHOLD SOLUTIONS OF Sl 


lable 4. 


(values represent response to sweetness within each pair). 
I 


sucrose 


1.00 21** 
2.00 
5.00 
10.00 
20.00 


19 
18 
18 
14 


O()*** 


Totals 


** Sig. at P=0.01 
*** Sig. at P = 0.001 
‘Percent citric acid 


its resemblance to normal conditions of test 


ing, the evaluation is a memory comparison Anders 


based on previous experience with similar muixtt 


stimuli. The paired presentation limited the of M 
Beebe 


evaluation to the 2 samples at hand and was 
rhis sensitivity 


considered more sensitive ae 

- . - and s 
was further increased when one member of 
P ° . and 
the pair was kept constant within a set 


Scaling of degree of difference between pairs 
yielded additional information, which could 
the 


solute 
Bennett, { 
be plotted against the concentration of 
additives. 
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French-fried Potatoes: Palatability as Related to 
Microscopic Structure of Frozen Par-fries 


SHIRLEY LYMAN SPIRUTA ann ANDREA MACKEY 
Home Economics Research Agricultural Experiment Station 
Oregon State Universit ( wvallt Oregon 


( Manuscript received June 7, 1960 


SUMMARY 

When tissue was taken from finish-fried or par-fried potatoes not subjected 
to fixing or embedding, potato cells were found to be plump, and _ the 
surfaces were comparatively smooth, faintly showing the outlines of the 
gelatinized starch granules within. Cells from tissue that had been frozen 
showed reticulation, especially those from tissue frozen at —18°C as contrasted 
with tissue frozen at —78°C. When tissue was observed during freezing, cell 
separation was pronounced, as well as pushing together or shrinking of gelled 
starch granules, and cell distortion. When thawed, the potato cells partially 
recovered their original plumpness although breaks between the cells remained. 
Recovery of gelation was incomplete in starch granules from cells from potato 
tissue that had been par-fried, frozen, and finish-fried. A_ taste-test panel 
preferred French-fried potatoes frozen as an intermediate step in preparation, 


especially noting less cohesiveness of texture and greater tenderness of crust. 


Preliminary studies in this laboratory indi Deep-tat frying might be assumed to have 
cated that French-fried potatoes prepared by somewhat different effects, since in the fry 


par-frying, freezing, and finish-frying had ing process partial dehydration occurs. Reeve 


better texture than similar potatoes French- and Neel (1960) stated that “deep-fat frying 


fried without an intermediate freezing step 1s essentially a cooking and dehydration proc 
in their preparation. This observation was ess during which the starch content of the 


the background for the work herein reported: — cells is gelled and dehydrated and some of the 
a study of the microscopic appearance of water in the tissue is replaced with oil.” 
fried potato tissue associated with freezing They point out that the cellular structure 
treatments and taste-panel scores remains intact and that the cell walls rarely 

During cooking of starchy vegetables, rupture during the deep-fat frying process 
gelatinization of starch granules is one of When cooked vegetable tissue is frozen, 
the most noticeable phenomena. When moist ice forniation begins on the outside of the 
heat is employed, vegetable tissues soften. cells. If freezing occurs slowly, water is witl 
Simpson and Halliday (1941) noted disinte drawn from the cells and larger ice crystals 


gration of cell membrane materials, soften are formed, which crush the cells (Gardner, 


ing of cellulose, and the changing of large 1940). Woodroof (1938) reported that in 
amounts of protopectin to pectin. Reeve immature seeds such as peas, corn, and lima 
(1953) pointed out, among other histological beans, cell walls separated and ruptured 
ing freezing, while the contents of each 


observations on heated potatoes, that “cell dt 4 


Ir 
separation, due to weakening of the adhesive — cell coagulated into a shrunken mass. If the 
properties of the middle lamellae, is aided seed coats were uninjured, there was little 
by the swelling of gelled starch within the loss of structure even though cell walls 
cells so that their walls are distended and within the seed were broken or separated 
pushed apart.” Under some conditions, cells Longree (1950), using mashed cooked po 
ruptured. He indicated that this is “caused by — tato, noted variations in cell appearance asso 
swelling of the gelled starch and appears to ciated with rate of freezing. When shrunken 
begin in the weaker primary pit regions of cells were allowed to stand at room tempet 
the cell walls.” ature or in a refrigerator, no reabsorption 
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took place ot the water that had “frozen out” MATERIALS AND METHODS 


cells and starch granules. On reheat toes were obtained at has 
he differences in cell appearance du selected at random in com 
to rate of treezing tended to disappear Lee wing areas fubers of high 


et al. (1946) tested the effect ot treezing and of lower specific gravity, 


rates on the eating quality, appearance, and 85 re selected from each farm in order to 


Vitamin values ol peas and s ay beans , rrovid a meal ot determining specific gravity 
though slower freezing 


] 


nounced effect on the 


tissues by favoring the formation 


crystals and partially 
drating the solids, thaw 
to be reabsorbed by 


resumed their natur 


Photomicrographs (60) of potato tissue prepared for microscopic study by histological 
technique: a) finish-fried, unfrozen; b) par-fried, frozen at —18°C: c) par-fried, frozen at 
par-fried, frozen at —18°C and finish-fried 
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Photomicrographs (x60) ot potato cells: a) finish fried, untrozen: 
78°C; d) par-fried, frozen at finisl 


par-tried, fro 


rapid 


Itration with paraffi 


were carried out 

Temperature during | ing beat oser resemblance 
was maintained at fries were fried 
5 minutes |, the potato strips 
ly min. Moisture 


t absorption mined. All treat 


by ained Matching 


judged by 


a total cool ing 


a 


om the same farms and 
gravities were used for microsco 
Several procedure®’ were used in preparing ma 
terial for microscopic study,, with the expectatior 
Che 

‘ RESULTS AND DISCUSSION 


that more information could thus be obtained 
appeal 
it] 


histological freeze-d ns | 1 
. 1955) wa in pret Microscopic observatio 
ue tl a f potato tissue differed somewhat wi 
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the histological method used 1n its study 
Liowever, the effects ot cooking and free Zing 
were apparent although tissue was prepared 
by ditferent methods 

Cells taken from potato strips prepared by 
par-frying or single-stage or two-stage frying 
without an intermediate freezing step wert 


similar in appearance. When viewed by 


polarized light, no ungelatinized starch gran 


ules were found. Tissue taken from these 
strips was composed of plump cells crowded 


together ( lig ’ Cell surfaces were faintly 
reticulated, an over-all stippled ap 


] 
; 


pearance F (1950) suggested t 

this effect is due to pusl Ing ot the swollet 
arch granules against the cell walls. Reeve 
1943), in calling attention to this etfect 

sections cut from blanched, dehydrated 

tato after rehydration, 

fibrous or reticulate appearance « 

starch may be due to variations in 


to cytoplasmic su 


between — the s 


lave been small enough that cell 


pat tried tissue frozen and held f 
at this temperature closely resen 
from tissue that had not been frozen 
ain from the ang treatment 
lls fro 
frozen tissue were vy wrinkled, in con 
to the velvety “ | “1” appearance 
1 


of the surfaces of unfrozen cells. The stria 


tious occurring the cell surfaces fron 


frozen tissue frequently had a twisted ap 
pearance (Fig. 2) rhe cells taken from 


strips that were par-fried and then frozen and 


stored at —18°C were generally similar in 
dimension and shape to those taken from 
unfrozen strips having no freezing treatment 

ving a “fast-freeze” treatment, except 


that the cell walls were very wrinkled, 


apparently adjusting to the contours of 


shrunken starch granules within (Fig. 2) 


When par-fried tissue that had been frozen 
was finish-fried, the cells were plump and 
relatively smooth, probably from reabsorp 
tion of moisture and swelling of starch grat 


g 
ules. Moisture loss was high during the 
par-frying operation (Table 2), but enoug! 


remained t low the cells to become almost 


= 
Oal 


erence 


f 


t 
re 





usture loss and fat absorption during 


restored to tl 


dition when finisl 

completely res 
folds remaining 
lLongree 1950 
| 


2 \ccording to 


potato cells that have een tTrozen 


a way that they become shrunket 

lated, will regain their origi 

smooth appearance when heated 
of sufficient moisture 


, 1 
KING OT ¢ IS 


shrin 
only nel C bits of tissue 
from par-fried potato strips a 


during the process oO! freezing When handle 
in this way, cells originally plump and cor 
paratively smooth change n shape, becor 


ne angul t ‘ Distortion 
cooked cells, as w ll separation during 
freezing, mi: ‘nin photomicrogray ok sme 
A 


( Fig s in intercellular cementin 
material ar] | When ce inferred ink 
i ie Sil { 
| 


limowed law, some reversal ot the Zine o 1 ha 1 S\ | 1 during cool 
} 


change took place, the most noticeable ing ns the extent tl 


Dehydration 


lat r outlines were 
= Ena ar Sage, He 
partial recovery of the lel obliterated and they filled the cells, appeared 
Breaks between | Mik i separate and distinct from each othet after 


( ‘nt f , ‘ ; f 
mine frozen storage. When finish-fried after two 


1 
ir 
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WEE S of frozen storage at . 18 c. cross 


ht | availabl sections Of the potato strip showed cells in 


single cells o1 completely led with gelatinized starch 


isolated from cooked or cool ed ‘ | OTAal ile If 1 ) Since cell 


itato tissue. The cells in tissue pr | » more hydrophilic 


the freeze-drying met id in granules (Reeve, 1943), it is prob: 
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Photomicrographs | 7 of potato cells: a) unfrozen; b) frozen; c) thawed; 
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frozen 


in the presence of a compat itively low per this tissue closely resembled that having no 
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centage ot water, the short cook is mie < treezing 1 atment. ( ell separation Was noted 
freezing was not sufficient to % \ I] in cross sections of tissue that was finish-tfried 


covery of the dehydrated starch granule altel freezing 


Swelling ind gelatinization ot stare Wi Panel scores Table 1 shows average 


ereater in tissues stored f two w at scores and significance of difference due to 
+ 


78°C followed by finish-frving act. treatment for the characteristics of lrencl 
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fried potatoes prepared by different methods 


ver-all quality, crust crispness, crust ten 


derness, and interior cohesiveness were in 
fluenced by 


the rench-fried potatoes that had been pat 


treatment. The judges preferred 


fried, frozen, and finish-fried. According to 
their evaluation, the interior texture was less 
cohesive and the crust was more tender and 
crisp than in French-fried potatoes that had 
no freezing treatment 

High specific gravity of the tubers re 
sulted in a more glistening, opaque interior, 
greater graininess, drier and fluffer interior, 
than 
for tubers of lower specific gravity. 


was found 
Although 


noted by 


and less cohesive interior 


these differences in texture were 
the taste panel, no consistent differences in 
mi roscopic appearance were found In pal 
fried or finish-fried tubers of different spt 
cific gravity classes. 

Probably the most significant relation 
between microscopic appearance and _tast 
panel scores was the rupture of intercellular 
cementing material in the frozen par-fries, 
which would help account for the “nonco 
hesive” texture scored high by the judges 
Moisture loss and fat absorption. Diffe 
treatment 


the 1% level for moisture loss and fat absorp 


ences due to were significant at 
tion during frying to the finished stage. The 
potato strips that were frozen as an inter 


mediate step in preparation absorbed mor 
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and lost less moisture than did the 
rhe crisp, 
that 


Was 


‘rench-fries that were not frozen 
lrench-fried 


then 


tender crust ol potatoes 


had been frozen and finish fried 


probably due to the slightly higher fat ab 


sorption by these potatoes 
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Influence of Autoclaving Soybean Proteins on Liberation of 
Aspartic and Glutamic Acids and Lysine by 
Several Digestion Procedures ' 


EVANS, SELMA |! 


BANDEMER, 


SUMMARY 

Part of the lysine was destroyed when soybean meal or isolated soybean 
protein mixed with sucrose was autoclaved 4 hr at 121°C. Little or no loss 
occurred when isolated proteins were autoclaved by themselves. 

In vitro digestion with trypsin and erepsin liberated less lysine from the 
autoclaved than from the unheated soybean proteins if they did not contain 
the trypsin inhibiter. 

Partial hydrolysis with hydrochloric acid liberated more aspartic and glu 
tamic acids and lysine from unheated than from heated soybean proteins. 

Hydrolysis with concentrated hydrochloric acid for 7 days at 40 C and 
in vitro digestion with trypsin and erepsin liberated similar amounts of 
lysine (exeept for the proteins containing trypsin inhibitors), but acid hy- 
drolysis liberated more aspartic and glutamic acids that did enzymatic hy- 
drolysis. 

The data support the hypothesis that autoclaving soybean protein formed 
lysine aspartic acid and lysine glutamic acid linkages that were resistant to 


mild hydrolysis. 
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( 13.64% 
(13.46% 


lactalbumin 


Mann Research 
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Laboratory ; 
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Nutritional 


(13.23 


zein gluten 


all from 
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Wiley Mill 
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RESULTS AND DISCUSSION 


In agreement with earliet 


Butts, 1951), 42% of tl 


and 
bean but 
was destroyed by 
When 

Buckeye 
the 


Lhe 


] 
oil meal, none in 


autoclaving (Tab 
another isolated sovbean 


protein, was autoclaved 


lysine was destroved 


amount of lysine made available 


des by trypsin and erepsin 
arly doubled when Bucl 
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Lysine availability in 
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casein plus sucrose was autoclaved (Table 
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Puppy 1951) partially hydrolyzed th wit 


phenylalanyl chain of insulin. with LILA , tic acid was linked to the epsilon-amino 


DNP-derivatives indicated that aspat 


drochloric acid for 3 days at 37°C. The group of lysine. Evans et al. (1951) 


lysine-containing peptides of unheated 1 lated that \ 1 soybean protein 


autoclaved \lpha protein were studied in carboxyl 

present experiment by hydrolyzing the pro and amic acid 

teins witl concentrated hydrochlori acid at 

10°C for 8 hr to 7 days or with 20% with t zole grouy 
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ind another more stab! , 4 for Alpha proteins 
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An All-glass Laboratory Apparatus for Concentrating 
Volatile Compounds from Dilute Aqueous Solutions 


WEURMAN * 


! 
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(Manuscript received May 15, 1961 


SUMMARY 
An all-glass apparatus for the concentration of volatile compounds from 
dilute aqueous solutions on a laboratory scale is described. 3—6 L of solutions 
are stripped in | hr under reduced pressure at temperatures at or below 37 C, 
and concentration increases of over 10 times are obtained in a single pass. A 


seale drawing of the apparatus and some examples of its operation are given. 


The concentration of a great number of (Kohn, 1956), but are designed primarily, 


the odorous volatile compounds in the aque and better suited, for concentrating nonvola 
ous phase of food is on the order of parts pel tiles. Furthermore, their speed ot operation 
million or less. The concentration must be is low (ca. 300/ml/hr at non-elevated tem 
increased before fractional distillation, ex peratures ) 

traction, or other isolation procedures can be In laboratory-scale concentrators for vola 
applied. The initial concentration increase _ tiles of the fractional distillation type as de 
obtained with any procedure should prefer 
ably be some 10 times or more, but may have 


scribed for either atmospheric (Dimick and 


Simone, 1952) or for reduced pressure 


to be reduced, depending on the properties of | (Shepherd, 1957), the liquid from which the 
the compounds in the solution. No heat 


damage can be allowed, and care should be 


volatiles are to be recovered is temporarily 
heated to rather high temperatures (100 and 
taken in this respect, particularly when non 80°C, respectively). Such an apparatus is 
volatile material is also present in the liquid therefore more satisfactory for second-step 
\ number of devices for stripping the vola concentrators where heat damage is less 
tile compounds from dilute solutions have _ likely 
been described ( Dimick and Makower, 1951; Recently, an arrangement (Cotner et al 
Kepner and Webb, 1956; Scott, 1956), of 1960) was described for the stripping of 
which seems 


which the all-glass climbing film evaporator odors, with or without steam, 
to have some advantages over a number of 


paratus described herein. One of the most earlier steam strippers No performance 


of Scott resembles in some aspects the ap 


advanced, producing excellent fesults, is the data are given 
The all-glass apparatus described here 


apparatus developed by Eskew et al. (1959), 
be built easily and is simple to 


consisting of a stripper and a fractional distil (Fig. 1) can 
arrangement operate on a laboratory scale. The functional 


lation column in a combined 
the stripper em 


The method, with modifications, is used by design was suggested by 
many investigators but requires an elaborate ployed by Itskew and co-workers, but the 
set-up, which is not easily built in smaller construction utilizes some of the main struc 
laboratories and is more practical for large tural features of a commercial apparatus 
scale operations ( Jena Schott, 1960) developed for the con 
\ll-glass rotating film evaporators are easy 


to use and to build for laboratory work 


centration of nonvolatile compounds 


APPARATUS AND OPERATION 


* Present address: Central Institute for Nutri When a vacuum (e.g., water jet) is establishe 


tion and Foo Research, T N O., Utrecht The throughout the apparatus and the jacket of the heat 


Netherlands exchanger A is well heated by steam from B, the 
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centration can easily be read from the two graphs, 


since the peak heights have been found to be directly 
proportional to the concentration of the volatile 


compounds in solution (Weurman, 1961 
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